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" Nothing can be more important than the 
art of fonnal reasoning according to true 
Logic."— Leibniz. 



PREFACE TO THE SECOND EDITION 

Various English and American teachers of Logic have 
kindly sent me spontaneous expressions of appreciation 
of this Textbook, and I gladly take this opportunity to 
thank them warmly. Some of them have also suggested 
a few additions in an Appendix, so as not to disturb the 
plan of the book. Although I am so fully occupied 
with the second volume of my History of Science, 
Technology, and Philosophy that I had to let this 
Textbook go out of print for a while, I have wilhngl) 
made time in order to accede to the* wishes of the 
teachers by adding a considerable Appendix. I have 
also made a few improvements in the body of the book; 
and I hope that its usefulness has been increased 
thereby. 


February 1938 



PREFACE 


There are so many textbooks of logic that the puUi 
cation of another one may require justification. My 
excuse is that this book is very different from the 
others, and likely to be more helpful to students and 
teachers alike. Logic is here treated consistently and 
adequately as the study of the mam types of reasoning 
and the general conditions of their validity. All 
topics not strictly relevant to these problems are 
omitted. At the same time many t3rpes of reasoning 
not included in other textbooks are dealt with here. 
Thus the usual obstructions are removed, and the 
usual deAciencies are ntiade good, so as to enable the 
reader to have a clearer and more comprehensive view 
of the whole held. Moreover, the exposition of the 
subject in this volume is more systematic and coherent 
than is usual. Strange though it may appear, text- 
books of logic are among the chief sinners against the 
( anons of logical method. 

The time will come when the rudiments of logic will 
be taught in schools as well as in colleges, much as 
algebra and geometry are taught now. That the time 
has not arrived yet, and is not even in sight, is due 
mainly to the way in which logic is mostly taught 
All too frequently the logic class is treated as the 
recruiting place for the sadly depleted philosophy 
classes. The attempt to interest them in philosophy 
by premature philosophical digressions only helps to 
bewilder most of the students. If mathematics were 
treated in that way, as it easily could be, then most 
undergraduates and many seniors would still be count- 
ing on their Angers or with the help of the abacus. 

To those who aqe philosophically minded almost any 
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study will suggest philosophical problems sooner or 
later. I.ogic or mathematics or physics or astronomy, 
etc., may thus stimulate philosopUcal interest. But 
in the earliei stages it is best to treat them all as more 
or less self-contained studies, and to make sure that 
students master the rudiments of the subjects before 
attempting prematurely to deal with problems which 
may be beyond tliem even later jn. Otherwise the 
result is deplorable. Most logic students know neither 
logic nor philosophy, when they might certainly have 
been taught some logic even if they have no aptitude 
for philosophy. And even some of those who have an 
aptitude for philosophy are hampered ever afterwards 
by an insufficient training in logic. Hence the urgent- 
need for such a self-contained treatment of logic as is 
attempted in the present volume. 

Lastly, a word about exercises. It cannot be 
emphasized too strongly that logic, like algebra and 
geometry, cannot be mastered by mere reading. The 
learner must work sufficient exercises to acquire facility 
in the analysis and criticism of actual arguments and 
investigations. Some material for this purpose will be 
found at the end of this volume. Additional material 
is contained in the author's Exercises in Logic and 
Scientific l^ethod, and sufficient help with them is 
given in the Key to the Exerctses, 


Nooembet 1929 
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CHAPIEK I 


lOGIC AMI) SCIENTIFK' METHOD 
§ I. The Scope of Logic, 

Logic is the btudy of the general conditions of valid 
inference (oi of proof). To piake this description 
intelligible it is necessary to explain some of its con* 
stituent terms, more especially the terms inference and 
valid. 

Inference, An inference is an inferred judgment, 
that is, a judgment derived from another judgment, 
or from other judgments. All knowledge and all 
beliefs consist of judgments. In ordinary usage it 
is customary to distinguish betwee n knowledge and 
belief. There are some things which we claim to 
know, there are others which we do not claim to know, 
but which we still believe. W hen used correctly the 
term belief is the more general term of the two, and 
includes knowledge. If we believe what we do not 
claim to know, we certainly believe what we do claim 
to know. In this sense, knowledge may be described 
as adequately justified belief, whereas beliefs not 
adequately justified may be dcscrib(‘d as mere beliefs. 
Used in the wide sense just explained, namely as 
including both knowledge and mere beliefs, the term 
belief is synonymous with judgment, as the term is 
used in Logic and Psyclu'logy. Now broadly speak- 
ing there are two kinds of j\idgments in respect of their 
origin, or felt origin. Some are obviously derived 
from other judgments, while others arc not so derived. 
For example, I look at the sky at sunset and, seeing 
that it is red, I believe that it will bo fine to-morrow. 
My belief that it will be fine to-morrow is derived from 

B 
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(i) my observation of the red sky, and (a) my belief 
in the connection between a red sky at sunset and 
fine weather to follow. Such a derived belief or 
judgment is called an inference. On the other hand, 
my belief that the sky is red is not derived, but is 
the result of direct observation, while the belief in 
the connection between a red sky at sunset and fine 
weather to follow, may be either the immediate result 
of suggestion, or an inference derived from my belief 
in the credibility of my informant, or from my know- 
ledge of the physical facts involved. Inferences, then, 
arc derived judgtnenis ; ■ judgments which are not 
derived from other judgments may be called immediate 
or intuitive judgments. Such immediate or intuitive 
judgments result either from perception 1^ means 
of the senses (judgments of perception, or perceptual 
judgments), or from that kind of intellectual intuition 
to which we owe such self-evident truths as the axioms 
of geometry, etc. {intuitive judgments in the stricter 
sense). It is not always easy to distinguish an imme- 
diate from an inferential judgment. With the pro- 
gress of knowledge and critical discrimination it is 
easily recognized that many judgments commonly 
regarded as immediate are really inferential. Still, 
the difficulty gjiould not be exaggerated. The main 
point with which we are concerned at the moment is, 
that Logic, unlike Epistemology (or the Theory of 
Knowledge), is not concerned with all kinds of judg- 
ments, but only with those which are professedly 
derived from, or ba.sed upon, other judgments. Logic 
is the study of inferences not of beliefs generally.* 

The terms inference and reasoning are frequently used 
as s)monyms. It is better, however, to distingmsh 
between them. People frequently jump to oonclu- 
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sions quite uncritically, without deliberation. At other 
times, in cases of si)ecial difhculty or importance, they 
proceed more cautiously, and carefully weigh the 
evidence for and against. It is best to confine the 
term reasoning to such deliberate reflection or critical 
inference. Strictly spi-aking. Logic is mainly concerned 
with reasoning in the sense just explained. Uncritical 
(or unreflective) inferences are as a rule ndther con- 
trolled nor studied, except sometimes after the event. 
That is why they are frequently so mischievous. 

A word may be added here about the relation of 
inference to proof, which terms appear almost as 
synonyms in the definition of Logic given above. 
In every argument there are two things : (l) the 
premises (or data, or evidence) and (2) the conclu- 
sion (or the inference). The conclusion is inferred 
from the evidence, and, if it is inferred accurately, the 
evidence is said to prove the conclusion. Thus valid 
inference and proof are simply different aspects of the 
same thing. If we start from the evidence (or pre- 
mises) and proceed to the conclusion the {xrocess is 
called inference-, but if we begin by entertaining some 
belief or suggestion and proceed to justify it by means 
of suitable evidence, the process is called proof. It is 
common, however, to make this further distinction 
between inference and proof. The term proof is usually 
restricted to correct proof, whereas the term inference 
is applied to incorrect as well as to correct inference. 
Thus, for examfde, inference from analogy is a very 
common type of inference (or of reasoning), but it is 
no proof, as will be explained in due course. Another 
point worth noting here is that the term reasoning is 
commonly applied to both (reflective) inference and 
proof, that is to say, reasoning may take the form of 
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drawing conclusions from evidence, or of finding 
evidence for beliefs or suggestions already entertained. 

Validity. It was stated above that Logic is con- 
cerned primarily with valid inference. The meaning 
of this should be fairly clear. " Valid ” means the 
same as “ correct," or “ accurate,” or " sound " ; 
and at some time or other everybody distinguishes 
between (usually his own) " correct ” inferences and 
(his opponent’s) " incorrect ” inferences. Still, there 
is at least one point which calls for careful considera- 
tion. A valid inference is not the same thing as a 
true inference. Careful tliinkers usually endeavour to 
make their inferences both valid and true ; but it. is 
possible for inferences to be valid without being tiue, 
or to be true without being valid. An inference is 
valid when it is reasonably justified by the evidence 
adduced in support of it (that is, by the judgments 
from which it is derived) ; it is true if it is in accord 
with the relevant facts, that is, if it describes the facts 
concerned approximately as they are. Now gamblers 
and others sometimes make rash inferences which 
turn out to be true, though they were not really valid. 
On the other hand, judgments are sometimes dis- 
proved by a process known as that of reduction to 
absurdity {redSetio ad absurdum), that is, by drawing 
from them valid inferences which are absurd, tlrat is, 
inferences which are valid but obviously not true. 
Now Logic is only concerned with the study of valid 
inference. This does not mean that Logic disregards 
truth. Far from it. Logic is certainly concerned 
with the formulation of the true conditions of valid 
Inference. It is sheer necessity that compels Logic, 
as it compels all the sciences, to confine itself to a 
limited set of problems. The study of the condition! 
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of valid inff'rence involves tlie study of the relations 
between inferences and premises (that is, the judgments 
from which the inferences arc derived), and that is a 
sufficiently important task by itself. The study of the 
conditions of true inference would involve in addition 
the study of the truth of all possible premises — an 
obviously impossible task, and utterly opposed to the 
division of labour to which science, as well as industry, 
owes its advancement. The careful thinker will 
naturally see to it that his data, or premises, are true 
before he draws any conclusions from them. But for 
the study of inference as sucli it is necessary to isolate 
the problem of validity — to study the main types of 
inference, and the" relations between the inferences and 
the preniises when the inferences may be said to be 
justified by the promises. This involves abstraction 
from the truth of the premises. But then every 
science abstracts from sonn thing in order to simplify 
its problems suffick'ntly to make them manageable. 
To abstract from anything, however, is not the same 
thing as to reject or to ignore it utterly ; it is simply 
not to deal with it at the same time as certain other 
pioblt-ms arc being dealt with, with the clear under- 
standing that the neglected problems or aspects must 
receive adequate attention as soon as they become 
relevant in any actual, complex situation. 

Generality. Logic i- concuned with the general 
conditions of valid infercncj'. liv^ ry actual argument 
relates to some particular problem, mathematical or 
astronomical, pliysical or dremical, political or eco- 
nomic, legal or moral, etc. The full consideration of 
an argument must consequently take into account 
its special subject-matter, and requires a knowledge 
of it If Logic were to attempt to deal with arguments 
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in all their detail, then (as was already suggested in 
another connection) it would have to absorb all the 
sciences, etc. — an obviously impossible and absurd 
enterprise. Logic, accordingly, abstracts from the 
special subject-matter of each argument, and confines 
itself to the study of the main types, or kinds, of argu- 
ment, and the general conditions of validity concerning 
each type. This kind of procedure is not peculiar to 
Logic. Every science is like it in this respect. Like 
Nature herself, every science is cariful of the type, not 
of the individual, except as a specimen of the type. 
At the same time Logic, like Mathematics, is more 
general or abstract than most sciences, and this charac- 
teristic generality of Logic, as of Mathematics, finds 
expression in the extensive use of S3nnbols. Symbols 
in Logic stand mostly for the subject-matter to which 
the argument relates, but they are a device for ab- 
stracting from the pc'culiaritics of the various kinds of 
subject-matter, and so help one to concentrate on the 
general character of the various types of argument, 
and the general conditions of their validity. 

§ 2. The Formalism oj Logic. 

The fact that Logic is interested in the validity 
of inference, and only in the general conditions of sucli 
validity, may also be expressed by saying that Logic 
is interested in the general relationships bt'twt eii in- 
ferences and tJic premises from which they are dc'rived, 
or by which they are justified. Such general relation- 
ships, in which the peculiarities of tlieir terms (or 
subject-matter) are abstracted from, may be described 
as " forms,” or " forms of argument ” — the actual 
tenns (or subject-matter) constituting the " matter ” 
of the aigument. Logic may theufure be said to be 
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concerned with “ forms ” of argument. Hence the 
occasional reference to the " formalism " of Logic. It 
means, however, no more than that Logic is concerned 
with types of argument, and with the general conditions 
of their validity. It moans no more than that Logic 
is general and rather abstract in its methods and aims. 
In this respect, however, the difference between Logic 
and the Sciences is at most one of degree, not one of 
kind. 

§ 3. Inference and Knowledge, 

Inference is a most important pathway to know- 
ledge. There are other avenues to knowledge, namely, 
perception and intuition, which give us immediate 
judgments as distinguished from inferred judgments or 
inferences. Still, the amount of knowledge that can 
be gleaned from personal observation and intuition is 
very limited, not only in qujmtity but also in quality. 
The bulk of human knowledge, and especially what is 
called scientific knowledge, as well as history and 
philosophy, is obtained by inference. So much so is 
this the case that to describe the different types of 
inference is to describe the principal ways of knowledge, 
and conversely to describe the principal a\enues to 
knowledge is to describe the main types of inference. 
Something must therefore be said about knowledge in 
general and about science more particularly. 

§ 4. Knowledge and Life. 

“ In the beginning was the deed.” Life needs action 
for its maintenance. One must do things in order to 
live. In the lowest forms of life the actions are blind 
and immediate, and their success is not great. The 
mortality among the lowest types of animals is enor- 
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mous. But, as wc ascend in the scale of animal 
existence, it becomes more and more possible to avoid 
many risks by the help of far-sight and fore-sight. Of 
such far-sight and fore-sight scientific knowledge is the 
highest known development. Knowledge is power." 

The humblest kinds of animals have no specialized 
sense-organs, and when they seek satisfaction of their 
needs they do so with their whole body, which is thus 
e.xposcd to the risk of injury or destruction. Somewhat 
more developed organisms, which possess tentacles, 
are already at an advantage. They can examine* their 
immediate surroundings with their tentacles alone, 
without risking their whole body. The possession of 
a spe('ial sense-organ of smell gives a still gieater 
advantage. Tlie animal with a sense of smell lias a 
wider lange than is possible with tentacles alone, and 
need not risk evtii its tentacles. Special sense-organs 
of sound and of sight nuider possible a more real far- 
sight and foH'-siglit. Animals so equipped cease to bo 
entirelj^ depeiuk'nt on what is within immediate reach; 
they can fetc h what they want from afar. They can 
also realize more distant sources of danger, and seek 
protection in time, Xow human thought and human 
knowledge extend enormously the range of far-sight 
and fore-sight^ Human beings can satisfy their needs 
by having recourse to thing'' that are very distant, and 
they can prepare to meet contingencies which are very 
remote. Scientific knowhdgt* n prebcnts the highest 
achievement in these resp-jcts. Properly utilized it 
should be the most potent means of protecting the 
human organism from danger, and supplying all that 
is necessau' for its healthy survival. 

Even the lower animaK, however, play as well as toil. 
Their movements and other activities are not always 
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directed to the mere satisfaction of pressing physical 
needs. Activities are sometimes carried out from the 
sheer pleasure of action. Such play may be useful in 
keeping them fit, and in making them expert in the 
execution of necessary activities. Similarly, human 
beings sometimes take up sport and athletics with the 
deliberate aim of keeping fit and agile. For the most 
part, however, wo take pleasure in such activities for 
their own sake, and without regard to ulterior practical 
considerations. So it is with human knowledge. When 
the conditions of life improve so that it ceases to be 
neccs-sary to devote our whole thought and energy to 
the practical needs of existence, then knowledge comes 
to be pursued for its own sake, without regard to 
utilitarian considiTations. In that way pure disin- 
terested science arises. 

Even science in its beginnings was intimately con- 
nected with practical needs. Geometry, for example, 
grew out of the practical needs of the surveyor, biology 
and chemistry grew out of the practical needs of the 
medicine man. Even now science subserves practical 
interests, not only in the sense that, sooner or later, 
practical applications are found for the purest theories 
ot science, but also in tlie higher sense that sciei*tilic 
knowledge helps man to make a proper orientation, 
to take his right place in the woild, and to feel at 
lionie in it. In this wav science, on the one hand and 
philosophic reflection and «xsthctic contemplation, on 
the other hand, rendci p(\ssible a more complete and 
more satisfactory orieniauou thtin would otherwise be 
attainable. 

The more speculative flights of philosophic and theo- 
logical reflection also aim at the satisfaction of certain 
human needs. But these speculations are apt to be 
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remote from observable reality, as is apparent from 
the enormous variety of such speculative ideals. It is 
one of the great services of science that it helps to 
direct and control such speculative adventures by 
keeping as close as possible to actual experience. 
Hence the agreement which one finds among men of 
science at all times in comparison with what is preva- 
lent among philosophers and theologians. This is due 
to the fact that science seeks knowledge along certain 
well-defined lines. The problems attacked by philo- 
sophy are not amenable to solution along the same 
lines. That is why philosophic solutions are more 
dubious. But the results of strictly scientific inquiry 
set certain limils to philosophic speculation, and so 
help to keep philosophical hypotheses within the realm 
of probability. 

Another great service, perhaps the highest service, 
which science renders, consists in the cultivation of a 
certain mental attitude, and in the teaching of certain 
methods. Both these have proved of inestimable 
value in the work of scientific research, and may prove 
equally fruitful even in such problems of life and 
conduct as do not strictly come within the domain of 
science. Huxley embraced it as one of the principal 
aims of his life's endeavour " to forward the application 
of scientific methoSs of investigation to all the problems 
of life,” in the conviction that there is no other way of 
alleviating the sufferings of mankind. 

§ 5. Science: its Aims and its Characteristics. 

WTiatever use scientific discoveries may be put to, 
science as such is a species of theoretical knowledge, as 
opposed to all forms of active skill or practical wisdom. 
Science as such is not' an art, or a craft. It is true that 
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scientific experimentation often calls for a considerable 
degree of technical skill in the construction of suitable 
apparatus. The discoverer of scientific truth is often 
also the inventor of scientific instruments, or scientific 
apparatus; but the technical inventions which pave the 
way for scientific discovery, and the technical inven- 
tions for which scientific discovery la3rs the foundations, 
can always be distinguished from science proper, or 
pure science. Pure science consists essenti^y of 
theoretical knowledge. 

Not all theoretical knowledge, however, is science. 
Science is a definite species of theoretical knowledge. 
There are other branches of knowledge from which 
science must be distinguished. The expression 
" science ” is mostly used as a collective name for 
the several sciences - physics, chemistry, botany, etc. 
These sciences have ceitain characteristics in common 
which differentiate them from other departments of 
knowledge. The common characteristics of the sciences 
properly so called may be emunerated as follows: — 

(a) Critical discrimination; 
ip) Generality and system; 

(c) Empirical verification. 

A brief explanation of these common characteristics of 
the sciences may sufhee for the present purpose. 

{a) Critical Discrimination. The first requisite of all 
sound knowledge is the determination and the ability 
to get at the naked facts, and not to be influenced by 
meie api)..arances, or by prevalent notions, or by one’s 
own wislies. Such a mental altitude is commonly 
described as a scientific fraini' of mind. It is a sine 
qua non of all science. He who is credulous enough to 
take things at their face value, or is so lacking in 
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independence and initiative that he cannot L. away 
from cubtoinary ideas, or is so partial as to be influent -id 
by his desires and wishes, has not the making of a m n 
of science. Perhaps the best account of a scienti ic 
mind is to be found in Francis Bacon's flatten ig 
description of himself in his Proemiutn: ” A mitid 
nimble and versatile enough to catch the resemblances 
of things (which is the chief point), and, at the same 
time, steady enough to fix and distinguish their subtle 
differences; . . . endowed by nature with the desire to 
seek, the patience to doubt, fondness to meditate, 
slowness to assert, readiness to reconsider, carefulness 
to dispose and set in order; and . . . neither affecting 
what is new nor admiring what is old, and hating 
every kind of imposture.”* Critical discrimination is 
indispensable in science, but it is really the requisite of 
all sound knowledge, and is not the monopoly of the 
man of science. The philosopher and the historian 
exercise it as well as the scientist. The scientific frame 
of mind on the part of an investigator is not by itself 
sufficient to make the results of the investigation a 
science. 

(b) Generality and System, Science is not interested 
in individual objects, or in individual groups of objects 
as such. It is jjrimarily concerned with tyjxs, kinds 
or classes of objects and events, of which the individual 
object or event is treated merely as a specimen or an 
instance. The aim of science is to trace order in 
Nature. To this end, science seeks to ascertain the 
common characteristics of types of objects, and the 
general laws or conditions of events. Each law dis- 
covered is, so to say, a thread in the essential nature 

’ D» Inierpretaliotte Naturae Proetninm, vol. lii. pp. 518 
in Ellis and Speddiiui’s adition of Bacon’s Works. 
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of the class of objects, or events, concerned; and the 
discovery of many such laws leads to a conception of 
the whole pattern or system. In these respects history, 
that is social and political history, is not a science. It 
is just as interesting and legitimate a study as science 
is, and calls for the same kind of constructive imagina- 
tion and critical insight, but it is different from science. 
Even the history of science, although it requires con- 
siderable scientific knowledge, is a history and not a 
science. History is concerned with particular nations, 
or institutions, discoveries, or inventions, not with 
laws relating to nations and institutions, etc., generally. 
Such general laws would belong to ethnology, or anthro- 
pology, or sociology, or psychology, which arc sciences, 
not to history.' Astronomy and geology may, at first, 
appear to be concerned with particular objects; and, 
to some extent, they may be regarded as marking a 
transition stage from sciences concerned only with 
what is general to studies concerned only with par- 
ticulars. Strictly speaking, however, even astronomy 
and geology are largely or mainly concerned with what 
is general. Each stellar orbit is really a law of the 
sequence of positions of. a planet or comet, etc.; and 
astronomy is also concerned with the formulation of 
the cycle of stages through which all stellar systems 
pass. Similarly, geology is concerned with the general 
relationships between various kinds of strata, and seeks 
to formulate the sequence of stages through which all 
continents pass. 

' Natural History, of course, is not a history in the present 
sense of the term. The name " natural history ’* is a survival 
from the time when the name " history ” was still used for 
the descriptive account of anything. Aristotle’s treatise on 
Zoology was called The History of Animals; and Bacon called 
all sciences " histories.'' 



30 


TEXTBOOK OF LOGIC 


(c) Empirical Vmficaiion. Science begins with facts 
of actual observation, and constantly returns to obser- 
vations, in order, directly or indirectly, to check all its 
tentative explanations, or hypotheses. A suggested 
explanation which cannot, directly or indirectly, be 
put to the test of observation, so as to be either con- 
Armed or confuted by it, is of no use in science. In 
this respect science is difterent from philosophy. In 
philosophy it is permissible and usual to put forward 
hypotheses which cannot be put to the crucial test of 
observation. True, even philosophical hypotheses are 
based on experience, and are intended to explain 
experience; but that is a different thing from being 
capable of conArmation, or confutation, by observation 
or experiment under speciAed conditions. The scien- 
tiAc hypothesis must not only account for all the 
observations already made of the phenomenon con- 
cerned, but must be capable of being dcAnitely con- 
Armed or confuted by further observations, or experi- 
ments, under speciAed conditions. 

§6. Wtdir Use of llie Term ” Sciciice." 

In the foregoing account the term " science " is used 
in the stricter sense in which it is commonly employed 
among English-sp^king men of science. The term 
'* science ” is, however, also employed in a much wider 
sense not only among English-speaking laymen, his- 
torians, and philosophers, but on the European Con- 
tinent generally. The French term science, the German 
Wissenschaft, and the Italian scienza are commonly 
applied to history and philosophy as well as to those 
departments of inquiry to which the term " science " 
was restricted in the foregoing .section. This under use 
of the term has some advantages and removes a source 
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of irritation among those who are perhaps a little too 
anxious lest their particular researches should be 
deemed to be ^ferior to science. But the general 
adoption of this wider use of the term '* science ” 
would in no way remove the need of distinguishing 
between history, philosophy, and the sciences in the 
narrower sense of the term. On the European 
Continent history and pliilosophy are described ■ as 
Geisteswissenschaflen, physics, chemistry, etc., as 
Naturmssenschaften, and so on. It would be no 
easy task to coin, and to obtain currency for, equiva- 
lent English terms. On the whole there is a good deal 
to be said in favour of the stricter use of the term 
" science ” outlined in the preceding section. 

§ 7. The Main Kinds of Reasoning. 

The reasoning by which most of our knowledge is 
obtained is of two main types as regards the data or 
the starting point from which it sets out. It may 
start from some assertions or statements, behind which 
it does not go, and seek to unfold their implications. 
Or it may start from observed facts and try to discover 
their character and explanation. The former kind of 
reasoning may be described as formed, the latter as 
inductive. In a complex argument the two kinds of 
reasoning may both be used -they frequently are used 
in conjunction. But there are occasions when the 
reasoning is mainly from certain given assertions or 
statements, not from any observed facts on which the 
statements may have been based, or from which they 
may have been derived. There am spheres of thought 
where the question of drawing conclusions from 
observed facts scarcely arises, and where the reasoning 
is mainly concerned with the implicatioiis of given 
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assertions or stattments behind which it need not go. 
'ihe domain of the lawyer furnishes a large class of 
such cases. The numerous state laws and 'local regu- 
lations are for the time being so many general state- 
ments which are authoritative. They have not to be 
discovered from observed facts in the way in which a 
physicist or a chemist has to discover a physical or 
chemical law. They are accepted as final for the time 
being and are applied to relevant cases by inferring 
their implications. The main work of lawyers and of 
law-courts is concerned with such probk-ms of impli- 
cation, with the determination of what exactly certain 
laws, regulations, or contracts really imply or do not 
imply. Formal inference from given propositions is 
thus carried on by itself to a great extent, and can 
therefore be studied by itself, before dealing with the 
additional problems which arise in connection with 
inductive inference, that is, inference from observed 
facts. It is accordingly convenient, though not neces- 
sary, to begin with the study of formal reasoning, and 
then proceed to the study of inductive reasoning. 
The former study is usually known as Formal Logic, 
the latter as Inductive Logic, or Methodology, or the 
Study of Scientific Method. Inductive reasoning fre- 
quently include^i^ome formal reasoning. What induc- 
tive reasoning mostly aims at is the discovery of some 
general truth from which certain observed facts might 
have been inferred. Many of the propositions from 
which formal reasoning sets out have actually been 
discovered by inductive reasoning from observed facts. 
But, as already explained, many such premises are 
arbitrary (though not capricious) laws or regulations, 
or they may be provisional assumptions, etc., requiring 
no previous induction. 
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Just as Law constitutes a large domain (though not 
the only one, of course) of formal reasoning, so Science 
constitutes a large field for inductive reasoning (thdugh 
it is by no means the only field). The so-called 
methods of science are in Iheir essence either methods 
of inductive reasoning or auixiliaries to such reasoning. 
This may not seem obvious, and may require a brief 
explanation. 

$ 8. Scientific Methods, Technical and Logical. 

In a wide sense, any mode of investigation by which 
the sciences have been built up and are being developed 
is entitled to be called a scientific method. Broadly 
speaking, these methods are of two distinct kinds. On 
the one hand, there are the technical or technological 
methods of manipulating and measuring the phenomena 
under investigation, and the conditions under which 
they can be observed fruitfully. Probably it is these 
technical methods of manipulation and measurement 
that are most readily recalled by the expression 
" scientific methods." The.se technical methods are 
mostly different in the different sciences, and few men 
of science ever master the technical methods of more 
than one science or one group of connected sciences. 
On the other hand, there are the logiccU methods, that 
is to say, methods of reasoning according to the nature 
of the data obtained. These logical methods are inti- 
mately connected with the technical methods. In a 
very real sense the technical methods, although they 
are extremely important or even indispensable in many 
scientific investigations, are mainly auxiliary to the 
logical methods o' science. What is meant is this. In 
pure science the technical methods of science Wre not 
usually an ehd ih themselves. They are aids either to 

c 
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observation or to inference. Sometimes they rendet 
possible the observation and measurement of certain 
phenomena which either could not be observed and 
measured at all otherwise, or could not be observed so 
well and measured so accurately. At other times the 
technical methods enable the investigator so to deter- 
mine the conditions and circumstances of the occurrence 
of the phenomena which he is investigatuig that he 
can reason about them in a definite and reliable 
manner, instead of merely speculating about them 
vaguely. (For an illustration, see, e.g.. Chapter XIX, 
§ 3.) The conjectural, highly speculative character of 
early science was probably due, in large measure, to 
the lack of suitable technical methods and ^scientific 
apparatus. However, whereas the technical methods 
are, for the most part, different from one science to 
another, the logical methods are more or less common 
to all the sciences. They are, moreover, the only 
scientific methods that can be studied with advantage 
by those who are not men of science, in the strict sense 
of the term, as well as by those who are. 

§ 9. The Function of Logic. 

The main function of Logic is to make intelligible, 
or to explain, the general nature of valid inference; 
not to enable one to argue or to reason more correctly, 
though it may do that also incidentally. The main 
p'jrpbse of every science is to enable people to under- 
stand things, not to do, or to make, them. Astronomy 
does not profess to construct stars or stellar systems, 
or to teach the stars their courses; its aim is to describe 
and to explain the stars and their movements. People 
do not wait iox jhysiology to teach them to eat and 
drink, to walk and run, etc. If people could not do 
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these things without the aid of physiology, ph}rsiology 
itself could never come into existence. Similarly, 
people can and do reason correctly without the aid of 
Logic ; if they could not do so. Logic itself would 
not exist. God (as Locke remarked) has not been so 
sparing to men as to make them barely two-legged 
creatures, leaving it to Logic to make them rational. 
Rather it is the native rationality of man that has 
made Logic itself possible. The main aim of Logic 
is not to teach people to reason correctly, but to 
explain what happens when they do reason correctly, 
and why some reasoning is not correct. At the same 
time just as a knowledge of the sciences is generally 
useful in some way or other, although such utility 
is not their main aim, so a knowledge of Logic may 
be, and should bo, useful in checking one’s conclusions, 
if one is not so despiirately self-complacent as to be 
beyond all help and all improvement. 

§ 10. The Main Divisions of Logic. 

In the light of the foregoing explanations it should 
be clear now that the principal divisions of Logic are 
those usually known as Formal Logic and Inductive 
Logic. Under Formal Logic we shall deal with the 
chief problems involved in the study of the various 
kinds of inferences which may be drawn legitimately 
from given propositions. This will include an account 
of the general nature of propositions, of immediate 
inference, or the implications of isolated propositions, 
of mediate inference, or the implication of certain 
combinations of propositions, and of deductive infer- 
ence, or the application of general propositions to 
suitable cases or classes of cases. Under Inductive 
Logic we shall deal with the chief problems involved 



36 TEXTBOOK OF LOGIC 

in the study of the various kinds of inference which 
may be drawn from observed facts in order to explain 
them. This will include the study of the methods of 
science, including the so-called inductive methods, also 
an account of reasoning from analogy, from circum- 
stantial evidence, and probable reasoning, which is 
largely inductive in its most familiar forms, though 
partly also deductive in character. Lastly, various 
problems relating to the general character of reasoning, 
formal and inductile, will be discussed briefly in their 
appropriate places. These problems include such 
topics as the ultimate assumptions of aU reasoning, 
the so-called Laws of Thought, the objective order of 
natural phenomena, and such auxiliaries to clear 
thinking as Definition. The commoner and more 
serious types of fallacy, that is, violation of the con- 
ditions of valid reasoning, will be referred to in the 
course of the exposition of the kind of reasoning in 
which it is apt to occur. 
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CHAPTER II 


JUDGMENT AND TERMS 

§ I. Judgment and Proposition. 

A judgment or belief when expressed in language is 
commonly called a proposition. Even our private 
thoughts, that is, even the judgments which we do not 
at the time communicate to others, or put on record, 
are carried on largely through the medium at inarticu- 
late language. But it is obvious that judgments 
cannot be explained to others, or discussed with them, 
except through the medium of propositions. For 
this rea.son we shall be concerned mainly witli proposi- 
tions, and the relations which must exist between 
propositions in order that one proposition (called the 
inferred proposition, or simply the inference, or the 
conclusion) may be said to be legitimately derived 
from another or others (called the premises, or the 
evidence, or the data). It should be noted, however, 
that the term proposition is used in a somewhat more 
extended sense than has been indicated so far. It 
denotes not only the verbal expression of an actual 
judgment or belief, but also the verbal expression of 
a sugg('stion, or supposition, or a merely potentud 
judgment. Among thoughtful, critical people sug- 
gestions and suppositions as such play an important 
rdle. Only the uncritical and conceited dogmatist 
regards whatever he takes into his head as an indis- 
putable intuition, if not as a divine inspiration. The 
critical person, who alone has the making of a man of 
science, turns such thoughts round and round, treats 
them as mere su^estions, or suppositions, or " pro- 
positions,” and scrutinizes them with caution in the 
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light of the available evidence. All such su^estions. 
when expressed in language, are also called propositions 
It is. moreover, a familiar fact that what one person 
firmly believes, another may as firmly disbelieve, while 
yet a third may regard it as a su^estion worth con- 
sidering. It will be most convenient, accordingly, to 
use the expression proposiiion for the expressed content 
of any thought such as may be believed, or di&L'elieved, 
or merely understood and considered. In other words 
our use of the term proposition makes abstraction 
from the element or moment of belief, and any state- 
ment which can be true or false is called a proposition, 
no matter whether it is believed, disbelieved, or merely 
under consideration. 


§ 2. Implication and Inference. 

It should be fairly obvious that one proposition can 
be inferred legitimately from another proposition, or 
from other propositions, only when the other pro- 
position or propositions imply it. In fact implication 
and infer ability are correlative terms — to say that 
certain conclusions are inferable from certain premises, 
is equivalent to saying that those premises (either 
separately or„iointly) imply those conclusions. The 
problem of infcrability is therefore the same as that 
of implication. And the question of the general 
conditions of valid inference may be answered by 
considding the implications of the different types of 
propositions regaidcd as potential premises. It is 
clear from ordinary usage that when we distinguish 
between the meaning of a statement and its implication 
we really distinguish between its more obvious and its 
less obvious sense. That, at all events, is the way in 
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which we usually distinguish between what a person 
says and what he implies (or insinuates, etc.). The 
difference between meaning and implication is only a 
difference of degree at most, and it is not always easy 
to determine at what point precisely the (direct) 
meaning of a statement ends, and its (intoect) implica- 
tion begins. For the purpose of the logical problem 
the distinction is of no fundamental importance, and 
the term implication may be used in an inclusive sense, 
covering the more obvious, direct meaning of state* 
ments as well as their less obvious, or indirect, 
meanings. 


§ 3- Judgments and Terms. 

It has already been stated above (Introduction, § 4) 
that knowledge is a power by means of which man is 
hel[}cd enormously in his struggle for existence, 
because it gives him a more effective orientation than 
would otherwise be possible. This new kind of intel- 
lectual orientation consists of thought or judgments. 
Considered biologically, the chief feature of our intel- 
lectual orientation is an enormous improvement in the 
extent to which we deam from past experience, not 
only from our own individual experience, but also from 
the experience of others. Learning from experience 
is by no means new at the human level — even young 
chicks learn from expeiience. But at the human level 
the process sometimes becomes clear-sighted and 
articulate. Objects and situatiohs which we have 
already experienced, and which we have learned 
how to deal with, are retained in ideas, or concepts, 
which are helpful in new situations of the same kind. 
Again, even lower animals, certainly chimpanzees. 
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are taught by experience to apprehend that 

certain things are connected with one another, c 
are dependent on one another — say, the falling ol 
bananas out of a certain basket with the pulling of a 
string attached to the basket. At the human stage, 
however, such apprehension becomes clearer, and is 
articulated in general ideas of laws of interdependence, 
etc., which can be applied to real or imaginary situa- 
tions with a foresight of the probable result. 

In the simplest kinds of judgments what happens 
is this : something confronting us, and in some way 
of interest to us, is recognized as being an object, or 
quality, etc., of a certain kind with which we are 
already familiar from previous experience, and of 
which we accordingly have a concept (or idea ) ; or 
some concept which first suggested itself is denied of 
the object in question, usually because some other 
concept seems to fit better. Such judgments when 
expressed in language may assume the form of such 
simple utterances as " Rain,” " Fog,” ” A rainbow,” 
“ Cold,” “ Dark,” “ Not foggy,” etc. What is ex- 
pressed, in each of these cases, is the concept under 
which the observed object, etc., is brought, or by whicli 
it is apprehended or interpreted. The concept by 
means of which the object, or situation, etc., is recog- 
nized, or interpreted, is called the predicate ; the 
observed object, situation, etc., which called for 
recognition, or interpretation, is called the subject. 
In the simplest cases, like the above, the subject is not 
expressed in language at all ; but when it is expressed 
in language (by means of a pronoun, a noun, or nominal 
phrase) the verbal expression is also called the subject. 
In somewhat more developed judgments the object, 
or situation, etc., requiring further elucidation is not 
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apprehended so vaguely as to be inarticulate except for 
the predicate, but is at once apprehended under one 
concept, though still requiring further elucidation 
with the aid of other or more determinate concepts. 
In such cases the subject, as well as the predicate, is 
expressed in language. Subjects and pre^cates (also 
their verbal expressions) are called the terms of the 
judgment (or of the proposition). And we are so 
accustomed to propositions with at least two terms 
(subject and predicate) that judgments which would 
more naturally be expressed by means of the predicate 
only, have a dummy subject added to them. Hence 
such impersonal propositions as " It is foggy,” or 
” It is cold,” etc., instead of merely “ foggy,” " cold,” 
etc. The judgmeni itself, of course, never involves less 
than two terms ; only in the simplest cases, the subject 
is really inexpressible in language, because it is appre- 
hended too vaguely, and so its verbal expression is 
more natural if without an expressed subject. 

Judgments and propositions are of varying degrees 
of complexity. The more complex ones involve 
three, four, or even more terms. In fact, the more 
coinplex propositions ^e best treated as composed of 
simpler propositions, related in certain ways, just as 
the simpler propositions are composed of terms. But 
it is important to realize from the first that intellectual 
activities are essentially continuous, not discrete. A 
judgment is not produced by putting together two 
discrete terms, nor 'are xnore complex judgments 
and inferences produced by putting together several 
discrete judgments. The whole process is much more 
complex than that ; it is more like a continuous 
growth in which the comparatively simpler objects pass 
into more and more complicated and more differentiated 
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wholes by the assinulation of new materials. It is 
important to bear eil this in mind, as an erroneous 
view is easily encouraged by our pre-occupation with 
propositions, which in a sense really are put together 
from discrete words or letters. In our actual mental 
experience what happens is quite difierent from such 
mere addition or juxtaposition of separate units. 
There is always a continuum — consisting of a com- 
paratively vague background (or hinterland) out of 
which some objects only just emerge more definitely, 
while others are in the focus of consciousness, and 
are most clear and distinct of all. These are psycho- 
logical matters with which we are not directly con- 
cerned ; but it is desirable to avoid misapprehensions 
which may easily distort one's conceptions of topics 
which are of more immediate logical interest. 

We may proceed now to the consideration of the 
principal types of propositions and their implications. 



CHAPTER III 


CATEGORICAL PROPOSITIONS AND THEIR 
IMPLICATIONS 

§ I. The General Character of Categorical Propositions. 

In the simpler, and commonest, t3rpe of proposition 
a predicate is simply afiirmed or denied of a subject 
By “ simply ” is here meant unconditionally, or without 
reservation, and without impl 3 dng any necessary con- 
nection between the terms of the proposition. Such 
propositions are called categorical propositions. The 
following may sexve as examples of such propositions. 
The earth is a planet. The earth is not fiat. All planets 
move in elliptical orbits. No planets are fixed. Some 
stars are self-luminous. Some planets are not self- 
luminous. If we abstract from the special character 
of the terms, and the quantity of the subject (that is 
whether one, some, or ail are referred to) then the 
general character of categorical propositions may be 
represented by the formulae S is P and S is not P, where 
5 stands for any subject, and P for any relevant pre- 
dicate. These and similar symbolic formulae aure usually 
called forms, because they abstract from the subject- 
matter, or actuad terms, of propositions — that being 
the only way in which types of propositions can be 
studied. But it should be noted once for all that it 
is alwa 3 rs assumed that actual propositions have 
definite terms, even if their special chairacter is not at 
the moment under consideration. There is no such 
thing ais a proposition which has form but no subject- 
matter, any more than there b such a thing aa a pro- 
position which has subject-matter and no form. But 
the forms of propositions may be studied to a con- 
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siderable extent apart from their actual terms, and 
terms may be studied to some extent apart from the 
propositional forms in which they occur. 

§ 2 . The Quality of Categorical Propositions. 

It will be observed that in the above examples of 
categorical propositions the predicate is affirmed of the 
subject in some cases, and denied in others. The 
diiftrence between affirmatum and negation is called 
a difference of quality, and it is the only difference in 
respect of quality. Every proposition is either 
affirmative or negative, according as the predicate is 
affirmed or denied of the subject. Tlius, to revert to 
our previous examples, The earth is a planet, Some 
stars are self-luminous. All planets move tn elliplual 
orbits, are all affirmative propositions ; on the other hand. 
The earth is not flat. Some planets are not self-luminous. 
No planets are fixed, are all negative propositions. 

The relation between affirmative and negative 
propositions calls for some consideration. On the 
one hand, it is true, in a very real sense, that the differ- 
ence between affirmation and denial is fundamental ; it 
cannot be effaced by reducing either to the other. 
Given an unambiguous subject and an unambiguous 
predicate, say S and P, then there are three possibilities. 
One may affimffP of S, and the result will be an affirma- 
tive proposition, S is P, Or one may deny P of S, 
and the result will be a negative proposition S is not P. 
Lastly, one may not know whether P should be affirmed 
or denied of 5 ; but in this case the result is, for the 
time being, only a problem. Is S P ? — a question, not 
a proposition. Now of the two possible propositions, 
S is P, S is not P {S and P being unambiguous in 
every way), the second is really a rejection of the 
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former. It comes to the same thing whether one 
says, " I disbelieve S is P," or whether he says, “ I 
believe S is not P." Now belief kimA, disbelief, it should 
be obvious, are fundamentally different and incom- 
patible attitudes towards the same suggestion. To 
that extent, affirmation and negation are fundamentally 
different from each other. 

In some respects, however, the difference between 
affirmative and negative propositions is not one of 
fundamental importance, but rather one of con- 
venience. Namely, what is essentially the same sug- 
gestion, or belief, may be expressed either in an affirma- 
tive proposition, or in a negative proposition, according 
to circumstances. But, of course, the terms will have 
to be different to some extent. For instance, the nega- 
tive proposition No planets are fixed means the same 
thing as the affirmative proposition All planets move ; 
similarly the affirmative proposition Air is transparent 
means the same thing as the negative proposition 
Air is not opaque ; the negative proposition No railway 
tickets are transferable means the same as the affirmative 
proposition AU railway tickets are non-transferable ; 
and so on. Or, to take an example already used m 
antjlher connection, the negative statement, “The 
proposition S is P vs not true ” means the same thing 
as the affirmative statement, " The proposition S is not 
P is true ” — ^a very different thing from maintaining 
both that S is P and that .S is not P, which (as has 
already been explained above) would be impossible, so 
long as 5 and P are quite unambiguous. 

§ 3. The Quantity of Categorical Propositions. 

The examples of categorical propositions already 
given will have shown that they vary not only in the 
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way in which tiie predicate is asserted of the subject, but 
also as regards the extent of the subject of which the 
predicate is asserted. For example, in the prqposition 
The earth is a planet the subject is a single object ; in 
the proposition AU planets move in elliptic orbits, or 
No planets are fixed, the subject is a class or kind, and 
the assertion is made of any and every member of 
it ; in the proposition Some stars are (or are not) self- 
luminous the subject is indeterminate, the assertion is 
made of one object at least, it may be of several, or 
of many objects; it may be true of the whole class 
or kind. These differences are called differences of 
quantity. Propositions like the first of the above 
propositions are said to be singular ; those like the 
second and third are called general ; those like the Iasi 
are called particular. 

There are several minor points worth noting. 
(^) A proposition remains singular even when the 
subject ot which the assertion is made consists not of 
a solitary object but of a group of objects, so long as 
the group is treated as a group, that is, as one complex 
object. For example. The British Museum Library 
consists of several million books and pamphlets is a 
singular proposition, because, although the subject 
is so numerous the items are all regarded as forming 
one group, or collection. Similarly with the proposi- 
tion AU the major planets are eight in number. The 
subject is treated as/ one group, and the predicate 
is asserted of the group as such, not of each of the 
planets separately. (2) As the last illustration may 
have suggested, it is important to distinguish carefully 
between a group and a dass (or kind, or type). A 
group is a collection of several, or many, similar 
objects— multiplicity or quantify is an essential feature 
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Df a group ; a class (in its scientific meaning, not as 
applied to school forms oi standards), or kind, is so 
called in virtue of certain quality's or characteristics 
which distinguish it from otlui kinds of objects, etc. 
There are biological classes (or kinds) which are repre- 
sented by the remains of a solitaiy specimen each ; but 
mere number, or quantity, is of no consideration in the 
case of kinds. An assertion made of a class, or kind, 
as such, is made of that combination of qualities, and 
therefore of each tiling tliat has those qualities — 
whether there are many such tilings, or only a few, 
or only one such thing, is immaterial. But an assi'i tion 
made of a group may only be meant of the group 
as sudi, not of its individual components Compare, 
foi instance, the propositions All planets move in 
elkpiic orbits and All the major planets are eight in 
number. The former is a general proposition con- 
ctrning a class; the kitbr is a singular pioposition 
concerning a gioup. (3) ^>ingulai and general pro- 
portions, though diff ‘unt iiom each other in the way 
indicated, havt‘ soiiiething important in common. 
In contrast with partii'iiku propositions tin y are both 
of thtmi definit(‘, oi di'terminate. Th(‘ particular 
proposition is inevitablv indefinite, or indetr^miinate. 
P'or example, suppose I know that Some stars are 
self-luminous, fiom this alone I (aniiot kJl whetliiT 
the next star I observe, 01 iicar of, is or is not s('lf- 
luminous. That is the eleie»nt of ind('finitr*ness and 
uncertainty. But both gciKi,.! and singular proposi- 
tions are free from tliis. Hence they are usually 
grouped together as universal propositions- -what they 
assert they assert of the whole extent of their subject 
(be that subject singular or innumerable), not of some 
indefinite part of it. 


D 
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§ 4. The Four Kinds of Categorical Propositions. 

If now we combine the main differences of quality 
and quantity considered above we obtain tour main 
kinds of categorical propositions, namely, (i) uni- 
versal affirmattve, (2) particular affirmative, (3) uni- 
versal negative, and (4) particular negative. Tht^e four 
kinds of categorical proposition may be represented 
respectively by the following formulae : (i) Every 

S is P, if general {This S is P, if singular) ; (2) .^ome 
S‘s are P ; (3) No S is P (This S is not P, if singular) ; 
and (4) Some S’s are not P. It is convenient m some 
ways to have a brief designation for each of thei" 
and so they are usually referred to, respectively, as 

(1) A, (2) I, (3) E, and (4) 0 propositions. Tliese 
letters are derived from the Latin words Affirmo (I 
af&rm) and nEgO (I deny). And the symbolic formulae 
for (i) Every S is P, (2) Some S's are P, (3) No S is P. 
(4) Some S's are not P are respectively (i) SaP, 

(2) SiP, (3) SeP. (4) SoP. 

The meaning of these four propositional forms can 
be formulated in a perfectly unambiguous manner. 
There are other ways of expressing their respective 
meanings, an^it is not necessary, or even desirable, 
to confine oneself nedantically to these four pro- 
positional forms. The important point to remember 
is that the other forms of statement are not so free from 
ambiguity, and, if and when any doubt may arise 
about their precise meaning, it is best to express one's 
meaning in these imambiguous propositional forms. 
It is possible to express unambiguously any statement 
in these propositional forms, without doing violence to 
the King's English. 
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^ 5 . Relations between Terms in Categorical Propositions, 
Before proceeding to determine the precise meanings 
of the four propositional forms, there are some minor 
points to be cleared up. In different propositions 
(whatever their form may be — whether A, /, E, or 0) 
the terms may be related .in different ways. Some- 
times the relation between the subject and the predi- 
cate is that between a thing (or things) and its (or 
their) attributes. For example, Civilized people are 
tolerant, Oppressed people are discontented. In other 
cases the relation is that between attributes. For 
instance, Hopefulness induces cheerfulness, Despondency 
spells failure. In still other cases the relation is that 
between classes (or kinds) of objects. For example, 
The Norwegians are Scandinavians, Whales are mammals, 
2'riangles are rectilinear figure^. And there arc other 
relations possible, which need not detain us. Now for 
some purposes the differences between these relations 
may be of importance — say, from the point of view of 
psychology, or from the point of view of epistemology. 
But they are of no real importance for Logic, that is, 
for the study of valid inference. For our purpose no 
violence is done if, on occasion, a proposition expressing 
a relation between tilings and attributes, or a proposi- 
tion expressing a relation between attributes, is so 
modified as to express a relation between classes or 
kinds. The main difference introduced is mat of 
less abstractness (or more concreteness) of expression. 
Logically there is no fundamental change involved, 
because classes or kinds (as already explained) are 
distinguished or characterized by their attributes. So, 
for example, there is no violence done if some of the 
above-mentioned propositions are restated as follows : 
Civilized people are tolerant people, Hopeful people are 
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cheerful people, Despondent people are people who fail. 
This device of restating propositions expressed partly 
or wholly in terms of attributes in propositions ex- 
pressed in terms of things, or classes, or kinds of things, 
has the advantage of simplifying the formulation of 
the meaning and implication of categorical propositions. 

§ 6. The Distribution of Terms in Categorical Pro- 
positions. 

Assuming, th^n, that the terms of categorical 
propositions may be legitimately interpreted in ex- 
tension, that is, in terms of things, or classes of things 
(in contrast with intension, that is, in terms of a(ln- 
butes), we must next consider the qufstiou oi 
distribution of terms in categorical propobitions. A 
term is said to be distributed when rehT(mce is made 
explicitly to its whole extent, that is, to the whole 
class of objects which it denotes ; othei'wi^t* the term 
is said to be undistributed. In E propositions both 
terms are distributed — SeP means that the whole 
class S is outside of tlu* whole class P. In A proposi- 
tions the subject is distributed, but the prcdicati" is 
undistributed — SaP means that the whole class S is 
included in thfe class P, but while the cl.^ss S may some- 
times coincide with the whole class P that is not always 
so, and must not be assumed to be so except on addi- 
tional evidence. Compare, for instance, the pioposi- 
tion All equilateral triangles are equiangular triangles, 
where the two classes coincide, with the proposition 
All Danes are Scandinavians, where the tw'o terms do 
not coincide. In 0 propositions, the predicate is 
distributed, but the subject is undistributed — SoP 
means that one or more S's at least are outside llic 
whole class? P.. In / propositions neither S nor P 
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is distributed. The distribution of terms in categorical 
propositions may, therefore, be summed up as follows : 
Only Universal Propositions distribute their subject, and 
only Negative Propositions distribute their predicate. 

§7. General Rule of Formal Inference Concerning the 
Dtslt ibution of Terms. 

It is important to remember the distribution of 
terms in the four categorical propositional forms, if 
only because of a certain general rule which applies 
to all formal inference from given propositions (as 
distinguished fiom inductive inference from observa- 
tion, etc.). The rule is this: No term that is undistri- 
buted in the premises may be distributed in the conclusion, 
unless the Laws of thought x. arrant it The common 
seii.so of this lule is obvious. If a given term is not 
distiibuted in the premises, we have no evidence 
relating to tlie entire class which it denotes. But if the 
( on elusion distributes that term, it asserts something 
about that whole class, and so goes beyond the evidence. 

We may now proceed to consider the implications of 
the several forms of categorical proposition. 
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IMMEDIATE INFERENCE— OPPOSITION 

§ I. Kinds of Immediate Inference. 

By an immediate inference is meant whatever con- 
clusion may be drawn from a single proposition, as 
distinguished from what may only bo inferred from 
two or more propositions jointly. The problem of 
the determination of the various types of immediate 
inference falls .into two parts. In the first part are 
considered the various inferences which may be drawn 
from a given proposition in terms, or in respeci, oi 
another proposition having the same subject and the 
same predicate as the given proposition, but differing 
from it in respect of quality, or of quantity. This 
part is known as the doctrine of the opposition of 
propositions. The second part deals with inferences 
which may be drawn from a given proposition involving 
certain other subjects and predicates than those of the 
given proposition. This part is known as the doctrine o) 
eductions. 

Both types of immediate inference, however, rest on 
certain fundamental assumptions which must first 
be considered briefly. 

ijm. 

§ 2. The Laws of Contradiction and Excluded Middle. 

The assumptions in questions are ineluded among 
the so-called Laws of Thought, and are kii )wn as the 
Law of Contradiction and the Law of E xcluded Middle. 
According to the Law of Contradiction the same pre- 
dicate cannot be both affirmed and di nied of precisely 
the same subject — S (the same S) cannot both be P and 
not be P. According to the Law of Excluded Middle, 
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a given predicate must either be affirmed w denied of 
a given subject — S must either be P or not be P, it 
cannot be neither, just as it cannot be both. These 
are fundamental assumptions on which all consistent 
thinking rests; all apparent exceptions rest on mis- 
understandings, or on quibbles. With the aid of these 
Laws of Thought we may now consider the opposition 
of propositions. 

§ 3. The Formal Opposition of Oategorical Propositions, 

As already remarked, we are concerned here with 
the relations between propositions having the same 
subject and predicate, ani differing only in form, 
that is, in quality or in quantity. Now there are 
only four such propositional forms — SaP, SiP, SeP, 
SoP — ^and we have to determine the relation of each 
to the others. Let us consider them in turn. 

First SaP. According to it P is affirmed of every 
S without exception. Therefore if SaP is true SiP 
must be true ; if it were not, tha+ is, if it were possible 
not to affirm P of one or more S’s, it would be impos- 
iible to affirm P of every 5 , that is, SaP could not be 
iiue. Again, SaP implies the falsity, or rejection, of 
SeP, for if SeP could be true at the same time as SaP 
then the same subject, each S, would at once be and 
not be P ; and this would a violation of the Law 
of Contradiction. Therefon , SaP implies the falsity 
of SeP. Similarly, SaP implies the falsity of SoP, 
For if both could be true together, then some S’s 
would both be P (because SaP) and not be P (because 
SoP) ; and this is excluded by the Law of Contra- 
diction. Thus SaP implies SiP, but excludes SeP 
and SoP. 

Next Sip. SaP cannot be inferred from SiP, for 
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the inference must not distribute a term (5 in this 
case) not distributed in the premise ; but, of course, 
SaP, though not inferable from SiP may be true 
at the same time. Again, SiP excludes SeP, for if 
both could be tiue, then some S‘s would both be P 
(because SiP) and not be P (because SeP) ; and this 
would violate the Law of Conti adiction. But SiP 
neither implies nor ( xcludi s SuP. It do( s not imply 
SoP because when SiP is true SaP may also be Inie, 
in whi('h case SoP could not be true. It does not ex- 
clude SoP, becaus' the "some S’s” whif h are asserted 
to be P may be different S’s from those winch «ii( 
asserted not to be P ; and this would not involve a 
violation of the Law of Conli.ulietion. Tli< y ait 
therefore, simply compatible; milhcr mb 1 able om 
from the other, nor exclusive oni of the othei*. 

Next SeP. This, as we have already seen, is incon- 
sistent with both Sap and StP. On the other hand, 
it implies SoP for the same leason that SaP implies 
SiP. 

Lastly SoP. This, as we have already seen, is in- 
consistent with SaP, is compatible with SiP, and is 
implied by SeP. 

So far we have considered the question whether 
thcs( various "paiis of propositions can or cannot be 
tru< at the same time. To complete our survi'y of 
their mutual relationships we must still consider 
whether they can or cannot b(' false at the same time. 
Or how does the falsity, or the n j•*ction, of anv one of 
them affect the truth e>i falsity (the acceptance or the 
rejection) of the others ? 

Let us b( gin with SaP. Suppose it is not tnie. 
This means that it is incorrect to affirm P of every 
5 — ^in other words, there are at least some S’s (one or 
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more) of which one should not say that it is P. But, 
according to the Law of Excluded Middle, anything 
must either be P or not be P. Consequently, of those 
S’s (one or more) of which it Is incorrect to assert that 
they are P, one must assert that they are not P, that 
is, SoP. Thus the falsity, or rejection, of SaP implies 
the truth, or the arc ,;,'t,snce of SoP. On the other 
hand, StP ai.d SeP may titiitr of them be true (not 
both, of course) when SaP is false, one simply 
cannot tell. 

Next take SiP. Suppose it is false. This means 
tliat it is incorrect to say of even one S that it is P. 
Consequently, according to the Law of Excluded 
Middle, it is right to say of every 5 that it is not P, or 
SeP. Thus the falsity, or rejection, of StP involves 
the truth, or acceptance, of SeP, and therefore also 
of SoP, which, as already explained .ibove, is implied 
by SeP. Obviously the falsity, or rejection, of SiP 
implies a fortiori the falsity, or rejection, of SaP — 
if it is incorrect to say of even one S that it is P, 
it must be even more incorrect to say of every S that 
it IS P. 

Cousidir next SeP. Suppose it is untrue. This 
means tliat it is incorrect to assert of every S that it 
is not P, or, in other words, that there is at least one 
S of which it is incorrect to assert that it is not P. 
If so, then, by the Law of Excluded Middle, it is 
correct to assert of at least that S that it is P, or SiP. 
Thus the falsity, or rejection, of SeP implies the truth, 
or the acceptance, of SiP. On the other hand, it 
carries no implication with regard to SoP or SaP, 
either of which (though not both) may be tiue, or not 
if SeP is not true. 

Finally, SoP. Suppose it is false. This means 
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that it is incorrect to assert of even one 5 that it is not F 
Therefore, by the Law of Excluded Middle, it is correc 
to assert of every S that it is P SaP. Thus the rejec- 
tion, or falsity, of SoP implies the acceptance, or truth, 
of SaP, and therefore of SiP. It also implies the 
rejection, or falsity, of SeP — what cannot be asserted 
of any S can certainly not be asserted of every S 
It may be helpful to sum up the foregoing rt^tUts in 
the following table : 

lABLB OF Relations or Oppositions. 


Given 

i 

SaP 

StP 

SeP 

SoP 

SaP true 

-r-- 

true 

false 

false 

SiP true 

not known 

— 

false 

not known 

SeP true 

false i 

false 

— 

true 

SoP true 

false 

not known 1 

not known 

— 

SaP false 

— 

not known 

not known 

flue 

SiP false 

false 

— 

true 

true 

SeP false 

not known 

true 

— 

not known 

SoP false 

true 

true 

false 

•— 


Some of the above relations between propositions 
having the same subject and predicate have received 
special 1 ames. They are summarized in the fullowmg 
(hagram, winch is known as 
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The Square of Opposition. 



The following points should be specially noted : 

Contraries. SaP and SeP are extreme opposites, 
and do not between them exhaust all possibilities. 
They cannot both be true ; but they may both be 
false, namely, when both SiP and SoP are true. 
Singular propositions and paiticular propositions have 
no formal contiarits, only contradictories. 

Sub contraries. The relationship between sub-con- 
traries must be carefully distinguished from that 
betwetii contraries, as they are the precise reverse of 
each other. Of SiP and SoP, one must be true, and 
both may be true — or both cannot be false, and neither 
need be. 

Contradictories. Of the two propositions SaP and 
SoP both cannot be true, but one of them must be 
tnie. In other words, they are mutually exclusive 
(without being extreme opposites) and collectively 
exhaustive. The same holds good of SeP and SiP. 
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IMMEDIATE INFERENCE- EDUCTIONS 
§ I. Eductions. 

In the doctrine of opposition we were concerned 
with the relations between propositions having pre- 
cisely the same subject and predicate, but differing 
in quality or in quantity. We now proceed to consider 
the implications of the four types of cah'gorical pro- 
position beyond these limits. A proposition having 5 
for its subject and P for its predicate may imply a 
proposition having P for its subject and S foi it? 
predicate, or propositions containing the contradic- 
tories of S and P. Such piopositions are 
eductions. There are two principal types of eduction, 
and five derivative forms. The principal types are 
known as the converse and the obverse ; the other 
forms are obtained (when they can be obtained) 
by combining, or repeating alternately, the steps 
by which the converse and the obverse are obtained. 
The student who has no special distaste for dealing 
with a few easy symbols will find no difficulty 
with the Eductions. Above all he should en- 
deavour to understand the steps by which the results 
are obtained, and not put his trust in merely re- 
meiiibding the results. Memory is a poor substitute 
for intelligence. 

§ 2. Contradictory Terms and their Symbols. 

It will bi convenient .it this point to say something 
about pairs of contradictory terms and their symbols, 
as the pioper understanding of these simple matters 
is necessary to the ital giasp uf what follows. 
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Our thoughts and discussions usually have reference 
to some more or less well-defined class of objects, 
or qualities, etc., sav, the inhabitants of tne British 
Empire, economic goods, portraits, or colours, etc. Now 
all objects arc what they are primarily because of the 
characteristics which they have, and the relations in 
which they stand ; and foi that reason all objects can 
be designated by means of positiv<‘ terms, that is terms 
which i’t^piy or «=iugg('st what the objects are or have. 
But all finit*' objects, just because' they are limited, 
are also without innumerable characteristics, for 
(as Spino7a saj^^) omnis dete)minatio est negatio 
("every limitation is a negition"); and for that 
reason they can also be refern d to by means of nega- 
tive terms, that is, teims whicli imply or suggest tlie 
absence of or'rtain characteristics No doubt it would 
be possible to refer to anything by means of positive 
terms. But there are such things as human needs 
and purposes, in relation to winch some things, etc., 
are suitable while others arc not. In this way many 
obje(tr> come to be designated by means of negative 
tliat is, terms who .f primary function it is to 
draw ritfeution to wliat an object is not, or has not 
For example, it may b<' necessary to estimate the 
war-strength of the Hntisl) Empire, and for that 
purpose its inhabitants may b( di'.tinguished as 
subjects (positive term) and aliens (negative term). 
Similarly, goods may be dc tinguislied as British (posi- 
tive term) and foreign (ne^rative). It is obvious that 
the negative terms d('siguatc objects which have posi- 
tive cliaracteristics, just as the positive terms refer 
to objects which aNo lack all sorts of characteristics ; 
and that positive and negative designations change 
places for different purposes. In France, for instance. 
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British subjects are aliens, and British goods are 
foreign. Similarly, if one particularly wants a red tie, 
all other ties are simply “ not red,** whereas if one 
particularly wants a blue tie, blue ties cease to be 
regarded merely as “ not red,*' and the red tie becomes 
merely " not blue.*’ Now any pair of terms, by meiins of 
which a class of objects is divided into two mutually 
excluMve and collectively exhaustive classes, are 
called contradictory terms. Of a pair of contradictory 
terms one is positive, namely, the one which indicates 
the presence of the characteristic (or group of charac- 
teristics) in which one is interested at tJie moment, 
while the other is negative, namely, the one which 
indicates the absence of that characteristic. Some- 
times the negative term is verbally expressed by 
prefixing “ non ** to the positive term — non-productive, 
non-iransferable, non-juror, non-payment, non-conformist, 
non-commissioned officer, non-conductor, etc. At other 
times the negative terms in use are not so constructed 
— for instance, alien, foreign, rigid, opaque, etc. But 
it is alwaj^ permissible and possible to use a 
negative term of the former type in place of one of the 
latter type — fojt example, non-Bntish (or non-French, 
etc.) for alien, or foreign ; non-flexible for rigid ; non- 
transparent for opaque, and so on 

Now a pair of contradictory terms when represented 
by symbols will naturally be represented in such a 
way that the sjmibols can at once be recognized as 
contradictory. The simplest way to this end would 
appear to be to represent the positive term by a posi- 
tive symbol, say S, P, etc., and the negative term by 
a negative s3mibol, non-S, non-P, etc., or, more con- 
veniently, S- (=s.«(m-S), P {= non-P), etc. This is 
always possible. Sometimes it is al^ convenient ; 
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but not always. It is usually more convenient to 
represent the terms of a given proposition by means 
of positive symbols, even when those terms are negative. 
It is more convenient because it is easier in that case 
to see at a glance the relation of the given proposition 
to other propositions (immediate interences, etc.). 
And there is no objection to doing so. All one has 
to remember is that just as in Algebra x, y, z, etc., 
may represent negative quantities, so in Logic 5, P, 
etc., may represent negative terms. The main thing 
is that S and 5, P and P, etc., are pairs of contra- 
dictory terms. But S and 5 are just as contradictory 
when S represents the negative term and S the positive 
term as when vice versa. 


§ 3 . Alternative Formulation of the Laws of Contradic- 
tion and of Excluded Middle. 

In the light of what has ju.st been said about contra- 
dictory terms, it is also possible now to give alternative 
formulations to the Laws of Contradiction and Excluded 
Middle It wdl be convenient to give these alter- 
native formulations at this stage because they will be 
helpful in connection with the doctrine of Eductions 
which will be discussed next. 

The formula for the I aw of Contradiction, as given 
in the preceding chapter, is .S cannot both be P and not 
be P, and the formula for tlie.Law of Excluded Middle 
is S must either be P or not be P As already explained 
in an earlier part of the book, what happens in a cate- 
gorical proposition may be described thus : some 
subject is related in some way to a class. Let 5 be 
the subject and Q the class. Then the class Q can 
usually be conceived as consisting of two mutually 
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exclusive, and collectively exhaustive, sub-classes, 
say P and P, accoiding to the purpose of the 
thinker. The sub-classes P and P bc'ing related as 
they are, if ^ is relevant at all in the consideration 
of S, then 5 is either in sub-class P or in sub-class P, 
and cannot be in both. We may accoidmgly also 
expiess the Law of Contradtehon in the foiieula, 5 
cannot be both P and P ; and the Law of Excluded 
Middle may be expressed in the formula S mmt be 
either P or P. 

Armed with these formulae we may now proceed to 
consider the diffeient kinds of ediutions And nrst 
of all the fundamental tyix'.-> of eduction which ate 
known as Ob version and Conversion. 


§ 4 Obversion. 

The obver<ie of a given proposition is a proposition 
implied by it, having the same subject but a con- 
tiadictoiy pudieate. Symbolically, if the terms of 
the given proposition are 5— P, those of its obverse 
will be S — P. Every tyjie of categoiieal proposition 
hiis an obverse of opposite quality. Tlius SaP 
implies SeP, fjjr, by the Law of Contradiction, if 
every S is P, no S can be P. Similaily, StP implies 
SoP, for, by the same law, the one or moie 5’s 
which are P cannot be P. Again, SrP implies 
SaP, for, by the Law of Exclud d Middle, S must 
be either P or P, tlierefore if no 5 is P eveiy S 
must be P. Similaily, SoP implies StP, for, by 
the same 1 iw, the one or more S’s which are not 
P must be P. 

It should be noted that a proposition and its 
obverse are -'quivalent, or reciprocal, that is, each 
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implies the other. We have already seen, and we 
shall see again in due course, that a proposition may 
imply another proposition which does not imply it 
in return. For example, SaP implies SiP, but SiP 
does not imply SaP. Similarly, SeP implies SoP, 
but SoP does not imply SeP. The sign " = ” should 
be reserved for equivalent propositions, and a single 
arrow, pointing in the right direction, for one- 
sided imphcation. Thus SaP = SeP, StP = SoP, 
SeP = SaP, SoP = S*P ; but SaP — » StP, SeP 
— >SoP. 

Another point to be noted is that if the obverse 
of a given proposition is itself obverted we simply get 
back to the original proposition. So that no new 
result can be obtained by merely repeating the process 
of obversion. This should be remembered when deal- 
ing with the more complex eductions. 

§ 5. Conversion. 

The converse of a given proposition is a proposition 
implied by it, but having its subject for predicate, 
and its predicate for subject. In other words, the 
terms of the given proposition and those of its con- 
verse (if it has a converse) are related as S—P to 
P—S. Not every proposition, as we shall see soon, 
has a converse. 

It has already been explained in an earlier part of 
the book, that the subject of a proposition is the com- 
parative starting-point in thought, it is what is felt 
to need explanation, or eluadation. Now what is 
the starting-point in thought on one occasion, or to 
one person, may not always be so. 5 may be the 
starting-point on one occasion, and P its elucidation ; 

B 
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but P may be the starting-point on another occasion, 
and 5 its elucidation. In geometry, for example, we 
at one stage try to find out whether " equilateral 
triangles are equiangular ” (S—P), at another stage 
we want to ascertain whether " equiangular triangles 
arc equilateral ” (P—5), and so on. The question 
we have to consider here is simply this. Given a 
proposition in which something is asserted about 5 
in terms of P, what does it imply about P in terms of 
S, by way of immediate inference, that is, in the 
absence of any other evidence ? 

Let us begin with SeP. This may be said to mean 
that the whole class 5 is outside of, or different from, 
the whole class P. If we express precisely the satne 
relation from the point of view of P, instead of from 
the standpoint of S, we get PeS. Thus SeP = PeS. 
Again, SiP means that some 5's are included in the 
class P, and this means that they are identical with 
some P’s. What we really have, then, are objects 
which are both 5 and P, and which can therefore bc' 
described indifferently as some S’s which are P, or 
as some P’s which are S. Thus SiP = PiS. It will 
thus be seen that E and I propositions can be converted 
simply — one ma^just transpose their terms without 
changing in any otlu-r way the character of these 
propositions. It is different with A and 0 proposi- 
tions. SaP means that the whole class S is included 
in the class P, that is, is identical with some indefinite 
part of the class P. The two classes may occasionally 
coincide, as for instance in the statement All equilateral 
triangles are equiangular triangles, but they may not, 
as, for example, in the statement AU rectangles are 
parallelograms. What we alwa}^ have when SaP 
is true is a class of objects whidi are both 5 and P, 
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which consists of the whole da&s 5 , but may not consist 
of all P’s, though it must include at least some P’s. 
P, as we have seen in a preceding chapter, is un- 
distributed here. Therefore, in the absence of addi- 
tional evidence, P may not be distributed in the 
conclusion, that is, we must not make SaP imply 
PaS, but only Pi'S. Thus SaP — ^ PtS. This is called 
conversion by limitation, that is, by limiting, or 
restricting, the (universal) quantity of the original 
proposition — ^in contrast with simple convei^ion, where 
the given proposition and the converse have the same 
quantity. Lastly, SoP has no converse at all. To 
convert SoP into PoS would be to distribute, in the 
inference, a term (S) undistributed in the premise, 
and that is not permissible. The fact is that PaS may 
be true at the same time as SoP. For example, Some 
}c dangles are not squares, y^t Ml 'squares aie rectangles, 
or Some Europeans are not Suedes, but All Swedes are 
Europeans. Hence SoP cannot imply PoS, which is 
the contradictory of PaS. Thus SoP has no converse. 

It should be noted that when the converse of a 
given proposition is itself converted then in the case 
of E and / propositions we simply come back to the 
original proposition, while in the case of A propositions 
even that much is not achieved, for we get SiP instead 
of SaP. Therefore, in the case of conversion, as in 
the case of obversion, no new result can be obtained 
by merely repeating the process. The only way of 
obtaining new eductions is by applying the processes 
of obversion and conversion alternately, each to the 
result of the other. That, indeed, is the way in which 
the other eductions are obtained. 

Before proceeding farther it may be helpful to 
tabulate the eductions dealt with so far. 
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§ 6. Table of Principal Eductions. 

Table of Principal Eductions. 


Original 

S— P 


Converse 

P— S 

SaP 

Sef 

PiS 

SiP 

SoP 

PiS 

SeP 

SaP 

PeS 

SoP 

SiP 

None 


Note , — No significance should be attached to the fact that 
the symbols S, P, S, P, etc., are sometimes straight and some- 
times slanting (or in italics). That is a mere accident. 







CHAPTER VI 


IMMEDIATE INFERENCE— DERIVATIVE 
EDUCTIONS 

§ I. Conceivable Eductions. 

In the preceding chapter it was shown that all 
propositions imply an obverse the terms of which 
are related to the terms of the original as 5— P to 
S—P, and that some propositions have a converse, 
the terms of which are related to those of the original 
as P—S to S—P. Let us now consider in a purely 
abstract manner what other implications are con- 
ceivable involving the terms of a given proposition 
and their contradictories. The terms in question will 
be four in number, namely S, P, 5, P, of which S and 
P represent the subject and predicate of the given 
proposition. Let us omit merely tautological state- 
ments, such as S is S, or S is not 5, and self-contra- 
dictory statements like S is not S, or S is S. W- 
are then left with the following conceivable com- 
binations of terms for ronreivable additional educ- 
tions, namely, P—S, P—S, P—S, S—P, S—P. If 
we add to ihese the oiiginal S—P, the obverse S—P, 
and the converse P—S, we obtain the following table 
of conceivable combinations of terms of propositions 
in relation to any given proposition. As there can be 
no harm in christening these various conc'*ivable 
combinations before studying them more closely, 
names are added in all cases. 
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1. S—P original proposition. 

2. S—P obverse. 

3. P—S converse. 

4. P— 5 obvertcd converse. 

5. P—S contrapositive. 

6. P —5 obverted contrapositive. 

7. 5 — P inverse. 

8. 5 — P obverted inverse. 

Of these combinations it will be seen that Nos. 4, 6. 
and 8 are each related to its immediately preceding 
combination (Nos. 3, 5, and 7 respectively) in exactly 
the same way as the obverse (No. 2) is related to the 
original proposition (No. i). They are accordingly 
called each the obverse of the preceding form (obverted 
converse, etc.). If the converse can be obtained, 
then there is no difficulty in getting its obverted 
form, since every proposition, as we have seen, has an 
obverse. Similarly, if and when the contrapositive 
and inverse forms (Nos. 5 and 7) can be obtained, there 
will be no difficulty in determining their obverted 
forms (Nos. 6 and 8). 

§ 2. Actual Derivative Eductions. 

We have now to ascertain which of these conceivable 
eductions are implied by, or can be derived from, the 
four t5T)es of categorical propositions. The obverse 
and the converse have already been dealt with, and 
the results are tabulated at the end of the foregoing 
chapter. Keeping an eye on that table, it will be seen 
that by obverting the converse we obtain the following 
results: SaP - » PiS = PoS; SiP = PiS — PoS; 
and SeP = PeS — Pa 5 . Similarly by converting the 
obverse we obtain the following contrapositives 
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(No. 5) : SaP = SeP = PeS ; SiP has none, because 
its obverse (SoP) being an 0 proposition cannot be 
converted ; SeP — SaP — > PtS ; SoP = SiP = P»S, 
By obverting the contrapositives we get the obverted 
contrapositives (No. 6) as follows ; SaP = PaS ; 
SeP — PoS ; SoP = PoS. It only remains now to 
determine the inverse forms (Nos. 7 and 8). These 
forms can only be obtained by converting either the 
obverted converse (No. 4) or the obverted contraposi- 
ti/e (No. 6). Now the obverted converse of SaP and 
SiP being 0 propositions cannot be converted ; that 
of SeP is Pa§ which converts into 5 *P ; SoP having 
no converse has no obverted conw'rse. Again, the 
obverted contrapositive of SaP is PaS which converts 
into Sj P, and this obverts into SoP ; the obverted 
contrapositive of SoP is PoS, and cannot therefore 
be converted ; SiP has no obverted contrajwsitive ; 
and SeP has already been de.ilt with. Thus only the 
two universals have an inverse, namely, SaP — > SoP, 
and SeP - - SiP. And they, of course, also have 
an obverted inverse, namely, SaP — > SiP, and 
SeP — > SoP. We may now tabulate the complete 
list of eductions. The table looks rather formid- 
able at first sight, but is really quite easy to 
remember, as will be explained soon. Tlie complete 
Table of Eductions is given on the next page. 
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Obverted 

Inverse 

S— P 

5tP 

None 

SoP 

None 

7 

Inverse 

S— P 
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§ 3. Complete Table oj Eductions. 

It is unnecessary and undesirable to commit this 
table of eductions to memory. The only things 
really necessary are these: to master thoroughly 
the processes of obversion and of conversion ; to 
remember that any one of the other eductions, if it can 
be obtained at all, can be obtained by alternate obver- 
sion and conversion, so that if it cannot be obtained 
by beginning with obversion, one should begin with 
conversion, and if it cannot be got then, it is not 
obtainable ; lastly one has to remember what com- 
bination of terms each name denotes. For this last 
purpose the following device should be sufficient. 
Commit to memory ; 

S P P § 

Obvefse Converse ConirapQsiiive Inverse 

The symbols represent the subjects of the forms 
required. If S is the subject of the obverse, the 
predicate must be P — ^not P because S—P is the 
original. If P is subject of the converse, S will be 
the predicate of the converse, S of the obverted con- 
verse. Similarly with P and § as the subject of the 
contrapositive and of the inverse respectively. 
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OTHER IMMEDIATE INFERENCES 

In addition to the formal oppositions and eductions 
already described, there are certain other kinds of 
iiniiKdiate inference which may be considered now. 
They are (a) material opposition, (6) converse relation, 
or correlation,^ and (c) complication of terms. 

^ Z. Material Opposition. 

In the doctrine of opposition, as treated in 
Chapter IV, we were concerned with various relations 
between propositions having precisely the same sub- 
ject and the same predicate, and differing only as 
regards form, that is, in respect of quality or 
quantity. But relations essentially sit'ular to those 
of contrariety, contradiction, sub-contrariety, and 
subaltemation may arise from the nature of the 
relations between the terms employed (the form of 
the proposition remaining the same), or from a com- 
bination of the relations partly between the terms and 
partly between the forms of ilie propositions. In so 
far as these relationships (or “ oppositions ") do not 
depend entirely on the forms of the propositions, but 
wholly or partly on^cir terms, they may be described 
as material oppositions, while those dealt with in 
Chapter IV may be called formal oppositions, since 
they depend entirely on the forms of the propositions 
in question, tb(' terms being the same. 

Material Contraries, (i) Two propositions may be 
contrarit‘s because they affirm contrary predicates 

■ Not to be confused with ^t«itl^tic^^l correlation, which is 
something entirely different (S«-c Ch. XX.) 
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of the same subject. Two terms are said to be con- 
trary when they mean extreme opposites within the 
same universe of discourse, and so do not exhaust it. 
Thus, for example, in the universe of colour, white 
and black are contraries ; in the realm of morality, 
iaintly and wicked ; in the sphere of property, wealthy 
and destitute, and so Jorth. Now two universal pro- 
positions in which contrary predicates are affirmed 
of the same subject are material contraries. Like 
formal contraries they cannot both be true, but may 
both be false. What is essentially the same result 
occurs also when the two predicates, instead of being 
contrary terms, are mutually exclusive but not col- 
lectively exhaustive species of the same genus, like 
white and brown, red and green, isosceles and scalene, 
and so on. 

(ii) Again, after what has been said ab('Ut obver- 
sion, in Chapter V, it should l)e obvious that general 
piopositions in which contradictoiy piedicates are 
as 1 ted of the same subject are contraries. For 
is related to SaP exactly as to its equivalent 
SeP : and SeP is related to .ScP exactly as to its 
equuMlcnt SaP. 

Material C onlradictones. (i) Two singular proposi- 
tions in wliuh contradictory ttiius are asserted of 
the same subject are material contradictories. Both 
piopositioiis catmot bt true, but one must be. 

(ii) The same applies to two jiropositions of opposite 
quantity, but of the same quality in wliich contra- 
dictory predicates are assertt d of tJic same subject- 
term. For SaP is related to 01 P < xactly .is to its 
equivalent SoP ; .ind SeP is n lati d to SoP in the 
same way as to its equivaleiu 

Material Sub-Contraries. Obviously StP lelated 
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to S»P in the same way as to SoP ; and SoP is relate' 
to SoP in the same way as to SiP. 

Material Subalternation. Suppose we have a pro- 
position of the type SaP in which S is a general term 
including two or more sub-classes, say, Sj, Sj, etc. 
then SaP obviously implies Si«P, S^aP, etc., while 
SjaP, or SjaP, etc., does not imply SaP. For instance, 
Scandinavians are Europeans implies Danes are Euro- 
peans ; Parallelograms have their opposite sides equal 
implies Rectangles have their opposite sides equal. Simi- 
larly with SeP in relation to SjcP, SjoP, etc. For 
example, Scandinavians are not of Mediterranean race 
implies Swedes are not of Mediterranean race. Again, 
suppose that P is a sub-class (or species) of a more 
general term (or genus), say Q, then SaP implies SaQ 
because the attributes implied by P (the specific term) 
include the attributes implied by Q (the generic term). 
Thus Cornishmen are Englishmen implies Cornishmen 
are British. On the other hand SaQ does not imply 
SaP. The relation of SaP to S^aP, or SjaP, etc., and 
of SeP to S^eP, or S^eP, etc., also of SaP to SaQ, is 
that of subaltemation, or that of subalternant (the 
proposition which implies another without being 
implied by it) to that of subalternate (the proposition 
which is implied by^nother without impl 5 dng it). But 
the relation between SeP and SeQ is the reverse of 
that between SaP and SaQ— SeQ implies SeP, not vice 
versa. So, for instance. No Indians are Englishmen does 
not imply No Indians are British, but No Egyptians 
are British would imply No Egyptians are English. 

§ 2. Immediate Inference by Converse Relation, 

In some propositions the predicate (P) asserts some 
definite relation (say, R\ in which the subject (5) 
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stands to a certain term (say, Q). In such cases we 
can deal with the predicate (P) as a whole, and so 
obtain the ordinary converse of the proposition 
(P— S), etc., or we may anal3ree the pre^cate into 
its components {R, Q) and infer that since S stands to 
Q in the relation R, Q must stand to 5 in the converse 
relation (or correlation) where R and q represent 
a pair of correlative terms, that is, terms which are 
specially given to draw attention to a definite relation- 
ship between certain objects, like north and sowfA 
rigM and left, teacher and pupil, etc. Take the pro- 
position S is due north (R) of Q. The ordinary con- 
verse would be Some place due north of Q t's S (P*S). 
But by converse relation it also implies Q is due south 
of S (Q is ffS), which may be called its correlative 
proposition. Similarly the proposition University pro- 
fessors are teachers of University students implies, as its 
converse. Some teachers of University students are 
University professors, but its correlative is University 
students are pupils of University professors. Inference 
by converse relation (or correlation) is very common in 
ordinary life. It frequently happens that we want 
to know the relation of Q to S, but, if S is the more 
important of the two, the works of reference we 
consult will give us information about the relation 
of S to Q. This may serve our purpose just as well, 
because we can formulate for ourselves the required 
correlative.* 

* That the mutual implication of correlative propositions 
is not always appreciated appears from the following story. A 
lady, it is related, told her shoemaker that one of her feet 
was bigger than the other. ’* Quite the contrary, madam," 
said the gallant shoemaker, ” J find that one of your feet 
is smaller than the other," 
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§ 3. Immediate Inference by Complication of I erms. 

Given the proposition S »s P it is possible and some- 
times convenient to add a third term to both S and P, 
say D, and so obtain the inference DS is DP the terms 
of which are more complex than those of the original 
proposition. For example, the proposition Triangles 
are figures implies the propositions Plane triangles are 
plane figures, Equilateral triangles are equilateral figures, 
spherical triangles are spherical figures. Combinations 
of triangles are combinations of figures, The study oj 
triangles is the study of figures. The symbolic use oj 
triangles ts the symbolic use of figures, and so on. 
Some distinguish two varieties of this kind of immediate 
inference, namely, that by added determinants and 
that by complex conception, according as D is a deter- 
minant of S and P (that is, restiicts or qualifies them), 
or a determinatum of S and P (that is, is restricted or 
qualified by them). The first three of the above 
examples illustrate immediate inference by added 
determinants ; the last three illustrate immediate 
inference by complex conception. But it is simpler to 
treat them both under a common designation, for they 
are essentially alike. 

The validity o 4 ,immediate inference by complication 
of terms depends on two conditions : (i) The deter- 
minant or determinatum (D) must be relevant to the 
terms of the original proposition (S and P) : (ii) it 
must have precisely the same meaning in conjunction 
with both terms, (i) If it is not relevant, the result 
will be sheer nonsense, (ii) If it has not the same 
meaning in the two cases it is not really the same 
determinant or detenninatum 

This form of inference, where it is employed, is 
rarely set out explicitly. The " given proposition " 
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(S is P) is tacitly assumed rather than cleaily formu- 
lated, and the conclusion usually takes the form of 
substituting one term for another. One speaks of a 
strong or of a dose oi poison, instead of a strong 
arsenic, or a dose of arsenic, for instance, on the implicit 
ground that arsenic is a poison, S is P, therefore 
DS is DP. But mistakes arc all the more apt to arise 
when the ground of the inference is not stated expli- 
citly. The chi» 1 source of mistakes is to be found ir, 
what may be called the relativity of certain terms 
expressing quantity or degree. Some terms may be 
said to express such values absolutely— for example, 
an English mile, 100° Centigrade, £100 sterling, and 
so on. There arc other terms which express such 
values not absohitely, but relatively — for instance, 
far, near, hot, warm, rich, poor, big, small, etc. Such 
relative terms of measure arc apt to suggest, or even 
imply, rather different values in different contexts, and 
so involve occasionally a breach of tlie second condi- 
tion stated above. Thus, for instance, it would be 
misleading to describe even the smallest elephant as 
" a liny animal ” merely on the ground that an elephant 
is an ammal ; or to desciibe ice-pudding as “ a warm 
dish ” merely because it is a dish and it is not as cold 
as it should be ; or to describe a dock-labourer in 
receipt of a considerable unemployment dole as " a 
rich man,” merely becaust a dock-labourer is a man, 
and he is comparatively well off for his station and 
under the circumstances Similarly it would be false 
to describe the views of the majority of barristers, or 
of head masters, as the views of the majority of 
lawyers, or of teachers, respectively, merely because 
barristers are lawyers, and head masters are teachers. 
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MEDIATE INFERENCE 

§ I. The General Character of Mediate Inference. 

So far we have considered the inferences that may 
be drawn from single categorical propositions. We 
must determine next what inferences may be drawn 
from two or more of them jointly, over and above the 
immediate inferences implied by each of them 
separately. It is obvious that two or more proposi- 
tions involving entirely difierent terms cannot between 
them imply anything more than the sum of their 
separate implications. But where two propositions 
have a term in common, then something may be 
inferable from the two together which could not be 
inferred from either separately, and which is not merely 
the sum of their separate implications. This common 
term may mediate between the other terms of the two 
propositions so as to establish a relationship between 
them that could not be interred from either proposi- 
tion alone. That is of the essence of mediate inference 
— given the relationship of each of two terms to the 
same third term, it is possible under certain conditions 
to infer their reMionship to each other Symbolically, 
if we know how S is related to M, and how P is related 
to Af, it may be possible to infer how S is related to P. 

A story related of an incident which is said to have 
happened at a reception given by a French Countess 
may serve as an illustration of mediate inference. 
Among the early callers was a certain Cardinal, in 
conversation with whom his hostess remarked S3mi- 
pathetically on the wide and varied experience he 
must have had. The Cardinal assented, adding that 
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he had, in fact, started rather badly, for the very 
first person to confess to him had confessed a murder ! 
Some time afterwards, while the Cardinal was con- 
versing with some one at the far end of the salon, a 
well-known French Count called, and the hostess, 
after chatting with him a while, suggested that she 
would like to introduce him to the Cardinal. The 
Count replied that no introduction was necessary as 
he had known His Eminence many years. " In fact,” 
added the Count, " I was the very first person to con- 
fess to him, and (ho added with a twinkle in his eye) 
let me assure you. Countess, that my confession did 
surprise him ! " The feeling of the hostess may easily 
be imagined. 

§ 2 . Mediate Inference with a Singular Middle Term. 

In the foregoing illustration the middle term is 
singular (that is, denotes an individual object), and 
the relation between the terms is that of identity. 
When that is the case mediate inference is easy and 
obvious. The identity of “ the Count ” with “ the 
first person who confessed to the Cardinal,” and of 
this person with ” a person who confessed a murder,” 
implies the identity of ” the Count ” with the " person 
who confessed a murder.” It is c\udent that if two 
terms (S and P) are each identical with the same 
singular third (or middle) term {M), then they must 
be identical with each otlier. M is P, S is M, S is P. 
S being identical with M, they arc really different 
names of the same thing, so that what is called M 
may also be called 5. Now, if it were possible 
in this case for 5 not to be P, then the same thing 
(called indifferently S or M) would be P, according to 
the first premise, and would not be P, if the suggested 
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conclusion were rejected. But that woiUd violate 
the Law of Contradiction. 

The conclusion, 5 is P, is therefore valid. So far only 
affirmative propositions have been considered as the 
premises of mediate inferences. Is it possible to 
draw mediate inferences also from negative premises ? 
A distinction must be drawn between cases in which 
both premises arc negative, and those in which one 
premise is negative, and the other is affirmative. 

When both premises are genuinely negative, and 
not merely the obverse equivalents of affirmative pro- 
positions, then they do not warrant any mechate 
conclusion. From 5 is not M and M is not P, no 
inference can be drawn with reference to S and P. 
There is no real mediation in such cases, for we are 
not really told how 5 and P are related to M, only that 
they are not related to it ; and their common difference 
from M in some respects is compatible with the 
relation either of identity or of difference between S 
and P. Cases like 5 is not M and M is not P, S is P, 
are no real exceptions because the premises are merely 
obverse forms of S is M and M is P, and since M is 
assumed to be singular, the conclusion is legitimate. 
But if both premises are genuinely negative, that is, 
genuine negations, then no mediate inference is justified. 

On the other hand, if one premise is affirmative, and 
the other is negative, then it is sometimes legitimate 
to infer a conclusion, but not always. Let tlie lelation- 
ship asserted in the affirmative proposition be that of 
identity, then the negative premise will in that case 
deny identity, or, what is the same thing, assert 
difference. 5 and P will in that case be related in 
contradictory ways to the same third term, M (which 
b still assumed to be a singular tenn), and must 
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consequently be different from each other in some 
respect, that is, S is not P. Thus S is M and M is not 
P imply 5 is not P ; and S is not M and M is P also 
imply 5 is not' P. In the first example 5 and M 
are identified in the first premise, and so S may be 
substituted for M in the second premise, and then the 
Law of Contradiction would be violated if the con- 
clusion were 5 is P. Similarly, in the second example, 
M is identified with P in the second premise, and so P 
may be substituted for M in the first premise, and 
then the Law of Contradiction would be violated if 
the conclusion were S is P. 

§ 3 . Identity and other Transitive Relations. 

In the foregoing account of mediate inference with 
sing-ilar middle terms the premises were all such as 
expressed relations of identity and difference. But 
some of the results arrived at are applicable also to 
all other transitive relations. A transitive relation 
is such that if it holds good between one term and a 
second term, and likewise between the second term 
and a third term, then it will also hold good between 
the first term and the third term. Identity is one 
such relation — ^if 5 is ilf and Af is P, then 5 is P, as 
just explained. Equality is another transitive ra- 
tion — ^if S = M, and M = P, then S = P. The rela- 
tions of " greater than ” and " less than ” are also 
transitive — ^if S > M and M > P, then S > P. 
But there is no general way of indicating how transi- 
tive relations may infallibly be distinguished from 
others, and care has to be exercised. For example, 
while “brother of,” "sister of,” “ancestor of” are 
transitive relations, “ parent of,” “ uncle of,” “ brother- 
in-law of ” are not transitive relations. So long. 
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however, as the relation is transitive, and the middle 
term is singular, the two propositional forms SrM, MrP 
will imply SrP — ^where r stands for, the assertion of 
the relation in question. 

When both premises are affirmative there is, then, 
no essential ffifference between mediate inference 
from singular premises which express relations of 
identity and those which express other transitive 
relations. 

Similarly, when both premises are negative, no 
valid conclusion can be drawn in either case. From 
S IS not r M and M is not r P nothing can be inferred 
with regard to the relation between S and P. Thi ir 
common difference from M may be compatible with 
all sorts of relations between S and P. 

It is entirely different when one premise is affirma- 
tive and the other is negative. With some kinds of 
transitive relations, such as equality or parallelism, 
for instance, the case is just like that of identity, and a 
negative conclusion follows. Thus, for example, if 
S and P are one of them equal to M and the other 
not, then S is not equal to P. But it is different with 
other relations, even transitive relations. From S is 
greater than M and M is not greater than P no inference 
can be drawn, while S is greater than M and P is not 
greater than M imply that S is greater than P. 

Unfortunately no general rules can be laid down 
for propositions which do not express relations of 
identity, or which cannot be so interpreted as to 
express relations of identity (or difference, when the 
propositions are negative). 

The relation of identity (and its negation, difference) 
is, however, a very comprehensive one, and other 
relations are 'sometimes reducible to it. Take, for 
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instance, the relation of equality. It is only a more 
concrete way of expressing a more abstract identity 
of some quantity or other. For example, let S, M 
and P stand for lines. ThenS = M,M = P, S = P 
may be restated just as accurately, or even more so, in 
terms of identity. Thus : The length oj S is the length 
of M, the length of M is the length of P, the length of 
S is the length of P. Similarly, the argument S is as 
rtch as M, and M is as rich as P, S is as rich as P, 
may be restated in the following statements of identity. 
The value of the possessions of S is the value of the 
possessions of M, The value of the possessions of M is 
the value of the possessions of P, The value of the 
possessions of S is the value of the possessions of P. 
(Needless to say, it is not suggested that S, M and 
P are identical in these cases, in which S, M and P are 
not the whole predicates, but only parts of them.) 
With a little ingenuity other relations can likewise be 
expressed in terms of identity ; but it would take us 
too far afield to consider them here. Enough tliat a 
great number of the premises with the implications of 
which one is mostly concemid either are, or can be, 
expressed in terms of identity and difierence. 


§ 4. Dovetail Relations. 

Besides transitive relations there are also certain 
other relations which frequently occur in mediate 
inference. These may be called dovetail relationships, 
for the following reason. In the case of mediate 
inference involving transitive relations what usually 
happens is that the premises attest that the major 
term and the minor term are each related in the same 
kind of way to the same middle term, and the conclu- 
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sion states that the same relatior.ship therefore holds 
good between the major and minor terms themselves. 
The cases in which one premise is negative are not essen- 
tially different — ^they also refer to the same relation- 
ship throughout, which is affirmed in one premise, 
denn'd in the other, and usually denied in the con- 
clusion. It is different with the cases now under 
consideration. In these cases one premise may assert 
one kind of relationship, the other a different relation- 
ship, and in the conclusion yet a third relationship is 
obtained by dovetailing the other two relationships, in 
the light of our knowledge of the system of relationships 
involved. An example or two will make this clear. 

(1) M is the brother of P, 

S is the son of M, 

S is the nephew of P. 

(2) M ts dm north of P, 

S IS due west of M, 

S is north-west of P. 


It should be realized that inferences involving other 
relations than tliosc of identity and difference (or 
relations reducible to these) cannot be made safely 
without a knowledge of the actual system of relation- 
ships involved in each case. They are not so formal 
as those involving only relations of identity and differ- 
ence. Hence they arc usually ignored in Formal 
Logic. But the mediate inference involved is essen- 
tially of the same character throughout, and the 
systems of relationships mostly concerned are such 
as intelligent people arc generally conversant with. 
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§ 5. Rules of Mediate Inference with a Singular Middle 
Term. 

The results reached so far, with regard to mediate 
inference from particular cases, may be summari2ed 
as follows : 

(1) If both premises are irreducibly negative (that 
is, are not merely the obverses of affirmative proposi- 
tions), then no mediate inference is justified. 

(2) If the middle term is singular, and both premises 
are affirmative, and express a relation of identity, or 
some other transitive relation, then it is permissible 
to draw an affirmative conclusion with the other two 
terms of the premises. S3mibolically : S is M, M is P, 

5 is P, or, more generally, SrM, MrP, SrP, 
where r represents the affirmation of any transitive 
relation. 

(3) If the middle term is singular, and the premises 
are one affirmative and one negative, and express a 
relation of identity and difference repectivcly, then a 
negative conclusion is infeiable. Symbolically: S is 
M, M is not P, S is ngt P ; f)r S is not M, M is P, 

S is not P. 

Conversely, to draw a negative inference one premise 
must be affirmative, and one negative. This follows 
from (i) and (2). 

In this case, unlike (i), it is not possible to extend 
the formulae so as to include all transitive relations ; 
but some such relations, for instance, those of equality 
and parallelism, can be treated in the same way as 
identity 



CHAPTER IX 


MEDIATE INFERENCE WITH A GENERAL 
MtDDI.E TERM 

§ 1. Complications ,chen the Middle Term is 

General. 

(a) We may now consider the conditions of mediate 
inference when the middle term is not a singular term 
but general (or a class name). In this case certain 
complications arise. So long as the middle term 
(JW) is unambiguous and singular the main feature 
of mediate infenmee is obvious, and its principal 
condition is satisfied, namely, that it is really the same 
third term with which the other two terms (5 ami ■ *' 
are compared. It is ob^’i(lUs that if the two pi - 1 j'ts 
involve entiroK different terms, say S and M, in one 
case, and Q and P, in the other, tlien no inference can 
be drawn about .S and P. Now the mere fact that 
the same general name occurs in two propositions does 
not necessarily moan that the same things are refeiT< d 
to. The members of the class n fi ned to in one pro- 
position may be quite distinct from those refi-rred to 
in the other proposition, and so there may be no real 
mediating link. For example, suppose we have the 
premises. All Danes are Scandinavians, and Some 
Scandinavians are Norwegians. It is obvious that the 
Scandinavians mentioned in the first proposition are 
not the same as those mentioned in the second 1 )ancs 
and Norwegians are consequently not identified with 
the same thud term , and it would therefore be erroneous 
to identify them with one another. Under what 
circumstance.s, then, when the middle term is general, 
can we be sure that the two premises, in both of which 
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it occurs, really have the same middle term ? The 
answer is, when the middle term is distributed in at 
least one of the two premises. For, if one premise 
refers to the whole of the cla^s denoted by the middle 
term, then whatever part of that class the other 
premise may refer to, the two premises are bound 
to have something really in common. For example, 
the two proposition are Scandinavians, 

and AH Scaf..anavtuns urtr Europeans, do imply that 
All Danes are Europeans. Hdi the middle term 
(Scandinavians) is distributed in the second premise, 
iJiougli not in the first. Consequently the Scandi- 
navians reft^rn d 1 o in the first pn^misc are identical with 
some of those referred to in the second, and the fact 
n. it the Danes and some Europeans aie each identified 
with the same Scandinavians, implus the identity of 
t‘ e Danes with some Euiojx ans. Wlun the middle 
term is singub: it is not luTcssaiy to say anything 
about its distiibution, because it is inevitably dis- 
tributed, as it denotes an individual object and cannot 
denote less. Hut the rcquiiement that the middh 
term should b(^ distribut(d in at least one of the 
pn mi‘^es really is a rule of all mediate inference so long 
as numbers or numerical proportions form no part of 
the data or premises 

(b) Again, so long as the middle term is singular both 
premiscb must be singular, anti therefore the conclu- 
sion is usually singular.' Bm wJien tJie middle term 
is general, the premises may b^' general or particular as 

jf Tor the middle term must be either subject or predicate 
in the premises. If it is subject and bingular the proposition 
is singular (by definition). If it is predicate and singular, it 
can only be predicated of a singular subject, and then the 
proposition is again singular. 
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well as bingular. Aud tlien the question arises as 
what kind of a conclusion can be drawn, whether it 
can be universal or must be particular. Here applies 
obviously the general rule of formal inferenqe already 
stated in an earlier cliapter, namely, that the con- 
clusion must not distiibute a term which was not 
distributed in its pixmisc. If, therefore, the term 
which becomes the subject of the conclusion {the 
minor term, as it is called) is not distributed in its 
premise {the minor prettiise) then the conclusion (if 
any) can only be particular. 

(c) Once more, so long as a term is singular it is 
always distributed, no matter whether it is the subject 
or the predicate of a pioposition, and no matter if it 
is predicate of an affirmative or of a negative proposi- 
tion. But when the terms of a mediate argument are 
general, it is quite different. In such an affirmative 
proposition the predicate is never distributed ; in 
a negative proposition it always is. Now if a conclu- 
sion is negative its predicate will be distributed ; 
but it must not be distributed unless that term {the 
major term, it is called) is distributed in its premise 
{the major premise). This means that a negative 
conclusion is invalid unless the major term is distri- 
buted hi the major premise. 

(d) Again, when "considering mediate inference with 
a singular middle term, it was shown that when both 
premises are really negative then no mediate inference 
is valid. This rule holds good also when the middle 
term is general. The reasons are the same. 

{e) Similarly, in the case of mediate inference with 
a general middle term, as in the case of mediate in- 
ference with a singular middle term, and for the same 
reasons, when both premises are affirmative the con- 
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elusion can only be affirmative. And in this case 
wc are not confined to the relation of identity, but can 
deal in the same way with all transitive relations. 

(/) Lastly, if one premise is affirmative and the other 
is negative, only a negative conclusion can be in- 
ferred, when the middle term is general as when it is 
singular, and for the same reasons. And conversely, a 
mediate negative inference can only be drawn when 
one premise is affirmative and the other negative. 
This follows from {d) and {e) above. If two negative 
premises warrant no inference whatever, and two 
affirmative premises can only justify an affirmative 
conclusion, then a negative inference can only be 
drawn from two premises one of which is affirmative 
and the other negative. 

§ 2. General Rules of Mediate Inference. 

It will have been seen that mediate inference when 
the middle term is singular is simpler in various ways 
than when the middle term is general, because the 
whole question of the distribution of terms does not 
arise, singular terms being distributed in any case. 
At the same time the conditions concerning the dis- 
tribution of terms when tire middle term is general 
apply also to the case when the middle term is singular, 
even if they cah for no special attention, because 
they are inevitably sati.sfi< d under the circumstances. 
The more comprehensive conditions (or rules or norms) 
of mediate inference when the udddle term is general 
may, therefore, be formulated as the general rules of 
meffiate inference whether the middle term is general or 
singular. We may accordingly set out completely the 
general conditions or rules of mediate iiiLrence as 
follows : 
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1. There are three propositions — ^two premises and 
a conclusion. 

2. There are three distinct terms, one of which (the 
middle term) occurs in both premises, each of the 
other two only in one of the premises, but also in the 
conclusion — ^the term which is the subject of the con- 
clusion is called the minor term, and the term which is 
the predicate of the conclusion is called the u'ajor 
term. 

3. The middle term must be distributed once at 
least. 

4. No term may be distributed in the conclusion if it 
is not distributed in its premise- -in other woids, the 
conclusion may be universal only if the minor term is 
distributed in its premise, and negative only if tlit 
major term is distributed in its premise. 

5. No conclusion may be inferred from two irre- 
ducibly negative premises — or, in other words, one 
premise at least must be affirmative. 

6. If both premises are affirmative the conclusion can 
only be affirmative. 

7. If one premise is negative the conclusion can 
only be negative, and conversely if the conclusion is to 
be negative one of the premises must be negative. 

These general rules of mediate inference (or general 
rules of the syllogism,* as they are more usually 
called) could of course, be rediiced in number, if our 
object were to formulate only principal rules, not dt 1 1 va- 
tive ones. In fact, we arrived at them without relying 
on much more than (t) the need of a real middle 
term, or mediating link, {?) the Law of Contradiction, 
and (3) the rule of all formal inference that the con- 


■ This will be explained m the next chapter 
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Jusion must not distribute a term undistributed in the 
premises. But the explicit formulation of all the 
important rules is much more helpful. 

The foregoing general rules are quite sufficient 
to determine the nature or validity of a mediate infer- 
ence in relation to given premises. What follows is 
only an elaboration of derivative details, which may 
be useful aud interesting, but are not of the same 
importance. Once the general rules are mastered there 
should be no difficulty in the elaboration of the conse- 
quent details. 

The three most comprehensive consequences which 
follow from the general ruli s of mediate inference 
are the following three corollaries : 

(a) If both premises arc particular, and do not 
specify certain numbers or proportions, no conclusion 
can be drawn.* 

(b) If one premise is particular the conclusion (if 
any) can only bt' particular. 

(c) If the major premise is particular, and the minor 
premise is negative, no conclusion can be inferred. 

The reason for all the corollaries is to be found in 
the fact that not enough terms are distributed, under 
the conditions supposed, to warrant anything else 
than is prescribed by the corollaries. Let us consider 
them eacii separately. 

* Two particular premises such as 

Most M's are P, 

Most M's are S, 
do warrant the conclusion 

Some S's are P, 

because the proportions of M are such as to ensure a real middle 
term, or common dement, in the two premises. 
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(a) Both premises are assumed to be particular. 
There are only two possibUities which need be con- 
sidered : (i) Either both premises are affirmative, or 
(ii) one premise is affirmative, and the other is nega- 
tive. If (i), then no term, not even the middle term, 
is distributed, so there can be no conclusion. If 
(ii), only one term will be distributed, namely, the 
predicate of the negative premise. But in this case 
at least two terms should be distributed to justify a 
conclusion, namely, the middle term and the major 
term. Therefore no conclusion. 

(() One premise is assumed to be particular. If 
there is to be a conclusion at all, the other premise 
must be universal (a). Now there are only two possi- 
bilities which need be considered, (i) Either both 
premises are affirmative, or (ii) one premise is affirma- 
tive, and the other is negative. If (i), then the two 
premises will only distribute one term betWeen them, 
namely, the subject of the universal premise. Now to 
warrant a conclusion the distributed term must be the 
middle term, so the minor term is not distributed in 
its premise, and must not be distributed in the conclu- 
sion, that is, the conclusion can only be particular. 
If (ii), two terms will be distributed in the premises, 
namdy, the subj»:t of the universal premise, and the 
predicate of the negative premise. The inference in 
this case can only be negative, and so at least two 
terms must be distributed, namely, the middle term 
and the major term. The minor term, in that case, 
will not be distributed, and the conclusion can only be 
particular. 

(c) Here the minor premise is assumed to be nega- 
tive, and the major premise particular. If, therefore, 
there is to be. any chance of a valid inference, the 
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major premise must be affirmative. But if the major 
picmise is particular affirmative, it distributes neither 
of its terms. So the major term is not distributed. 
Since, however, one premise is negative, the conclusion, 
if any, will have to be negative, and distiibute the 
major term. Therefore there can be no conclusion in 
this case. 



CHAPTER X 


DEDUCTION AND SYLLOGISM 

§ I, Mediate, Deductive, and Syllogistic Inference. 

Deduction, or deductive infeionce, is usually defined 
as inference from a general proposition, or f’^oin general 
propositions, or as the application of laws (or rules) to 
relevant cases. It is usually contrasted with induction, 
which is inference from particulars. And syllogism 
is usually described at once as mediate inference and 
as deductive inference, and also as confined to proposi- 
tions which express the relation of attribute to sub- 
stance. If this conception were strictly adhered to, 
the term syllogism would coincide with only those 
mediate inferences which have a general middle term, 
and which only deal with relations of identity and 
difference, or with relations which are reducible to 
those of identity or of difference. In practice, how- 
ever, the treatment of the subject is not consistent in 
books on Logic, and some cases of mediate inference 
with a singular middle tenn, and without a general 
premise, are usually^included among syllogisms. Tlie 
reason for the inconsistency is to be found in an exct s- 
sive leaning on the Aristotelian dictum de omni et 
nullo (or some similar formula) as the basis of syllo- 
gistic inference. Now, it is convenient to use the 
term Deduction in the above mentioned sense, which 
is different from tliat of mediate inference, in its widest 
sense ; but there seems to be no good reason for using 
the term syllogism in any other sense than that of 
mediate inference. After all, syllogism only means 
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putting two and two together, and that is just what is 
done in aU mediate inierence. Except out of respect 
for tradition, the term syllogism miglit be dropped 
altogetlier, and be replaced by mediate inference. But 
there is no point in being unneccssaiily iconoclastic 
so long as serious disadvantages, such as those of 
ambiguity, can be avoided. The term Syllogism also 
has the advantage of greater brevity than the term 
mediate inference. In this book, accordingly, the 
term syllogism will be understood as synonymous with 
mediate inference — a wider meaning than it has in 
other books on Logic. The term Deduction should also 
be used more consistently than is usually the case. 
Instead of confining it, as is nearly always done, to 
syllogistic inference with a general premise, it should 
be used to include also such inferences as immediate 
inference from an A to an i proposition, or from an 
E to an 0 proposition (usually called immediate infer- 
ence by subaltemation). Accoiding to the usage of 
terms here suggested and employed, an inference may 
he both deductive and mediate (or syllogistic), or 
it may mediate' without being deductive, or deductive 
without being mediate. For example, the argument 
X = i', y — Z, /. X = Z, is mediate, but not deduc- 
tive ; the argument, All radii of the same circle are 
equal, /, radii AB, AC, AD of circle BCD are equal, 
is deductive, but not mediate ; l.istly, the argument 
All who profit from war-preparahons are prone to believe 
in the ^ inevitableness of warfare. Manufacturers oj 
arms and armaments profit from war-preparations, 
/. they are prone to believe in the inevitableness of 
warfare, is both deductive and mediate. 

We shall now proceed to consider the varieties of 
mediate inference, or syll<»gism. 

G 
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§ 2. F^ure and Mood of Syllogisms. 

Every syllogism, as we have seen, has two premises, 
a major premise and a minor premise. The major 
premise contains the middle term and the major 
term (Af and P) ; the minor premise contains the 
middle term and the minor term {M and S). Now in 
each premise cither of its terms might be subject 
and the other predicate. In other words the major 
premise' might be either M—P, or P—M, and the 
minm: premise might similarly be either M—S, or 
S—M. Consequently, there are lour possibilities 
with regard to the arrangement of the terms in a 
syllogism : 

Major premise : M — P, P — M, M — P, P — M. 

Minor premise : S — M, S — M, M — S, A/ — S. 

The conclusion in each case is assumed to be 5 — P, 
the names of the terms and of the premises being 
based on this assumption. Now these difEerenccs in 
the arrangements of the terms of a syllogism are 
called differences of Figure. The above four arrange- 
ments are obviously the only possible ones, and they 
are known respectively as the First, Second, Third, 
and Fourth Figure. The First Figure is the one most 
commonly usedT It is the most natural Figure, as the 
term which is subject of tlie conclusion is also subject 
of its premise, and the term which is predicate in the 
conclusion is also predicate in its premise In the 
Fourth Figure the arrangement of terms is just the 
opposite to that in the First Figure. In the Second 
Figure the middle term is predicate in both premises. 
In the Third Figure the middle term is subject in both 
premises. 

It will be se^n that each Figure is a kind of scheme 
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of syllogisms. With the same arrangement of terms 
in the premises, the premises may obviously vary in 
quality and quantity. These differences of quality 
and quantity were abstracted from, when differences of 
Figure were described. But, of course, there can be 
no proposition ^thout some quality and quantity. 
Now differences in the quality and quantity of the 
propositions constituting a syllogism are called differ- 
ences of Mood. And prima facie each Figure may have 
a number of different moods. For example, the syllo- 
gistic types 

MaP MeP 

SaM SaM 

SaP /. SeP 

are different moods of Figure I. The problem thus 
arises as to how many valid moods there are in each 
Figure, and what they are. This problem is known as 
that of the determination of the valid moods of the 
syllogism, and the problem is solved with the aid of 
the general rules of the syllogism and the corollaries 
already stated and explained. 

§ 3. The Determination of the Valid Moods. 

The general rules of the syllogism and the corollaries 
state what kind of premises, as regards quality and 
quantity, can or cannot justify a conclusion. Our 
best plan will therefore be, in the first instance, to 
abstract from differences of Figure, to consider the 
various conceivable combinations of premises having 
regard to their quality and quantity only, and to find 
out which of them are disqualified, by the general 
rules and corollaries, from yielding a valid conclusion 
in any case, that is, in any Figure. Now as regards 
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quality and quantity there are four propositional 
fonns, A, I, E, and 0. Pritna facie any one of these 
might serve as major premise, or as minor premise, or 
both. There are consequently SKteen conceivable 
combinations of premises. Putting the major premise 
first, and the minor premise second, the sixteen possible 
combinations of premises are as follows : 


AA, 

AI. 

AE, 

AO. 

I A, 

II. 

IE, 

10. 

EA, 

El. 

EE. 

EO. 

OA, 

01. 

OE. 

00. 


Of these sixteen combinations, eight cannot justify 
any conclusion. They are ; EE, EO, OE, 00 
(Rule 5), 11, 10, 01 (Corollary (a)), and IE (Corol- 
lary (c)). 

Thus only eight of the conceivable combinations of 
premises are likely to justify a conclusion in some 
Figure or other. They are AA, AI, AE, AO, I A, 
EA, El, OA. But we cannot say what conclusion, or 
in which Figure, without examining each of the sur- 
viving combinations of premises in relation to each of 
the Figures. The reason for this should be obvious. 
Each combitifttion of premises means something 
different in each figure, and consequently it may imply 
one kind of conclusion in one Figure, another in another, 
and perhaps no conclusion at all in a third. For 
example, AA means MaP, SaM in Fig. I and implies 
SaP ; it means PaM, SaM in Fig. II and implies 
nothing at all here, because the middle terip is not 
distributed. So we must examine each of the eight 
surviving combinations of premises in each of the four 
Figures: 

AA, AI, AE. AO, lA, EA, El. OA. 
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Figure I. Scheme : 

M-P 

S M 

s- 1\ 

Valid moods AAA. AH, EAE. ElO. 

The premises A£ and AO justify no conclusion 
because the conclusion (il any) could only be negative, 
and the major term is not distributed. ^ I A and OA fail 
likewise because the middle term is not distributed. 

Figure II Scheme : 

S M 

A 5- 1\ 

Valid moods: AEE. AOO, EAE. EIO. 

< The procedure in deterniming the valid moods in each 
Figure may be briefly 'iinimari/ed as follows. Write down 
the premises in the form which they assume in the Figure under 
consideration (e.g. Fig. 1. 

MaP 

SaM 

or Fig. II 

PaM 

SaM 

and so on). 

Then see if M is distributed in one of the premises. If not, 
then no conclusion follows. 

If ilf is distributed, and if both premises are affirmative, 
then an affirmative conclusion follows and the conclusion is 
universal if S is distributed in the minor premise, particular 
if it is not. But if one premise is negative, then not only 
mu>t M be distributed, but also P. If botl: M and Pare 
distributed in the premises, and only then, a negative oon- 
dusion follows, and the conclusion is universal if 5 is dis- 
tributed in its premise, particular if it is not. 
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The premises A A, AI, I A yielded no conclusion 
because the middle term is not distributed ; and OA 
because the major term is not distributed, while the 
conclusion (if any) would have to be negative 

Figuhe III. Scheme : 

M-P 

MS 

s-p. 

Valid moods: AAI, All, lAI, EAO, EIO, OAO. 

The premises AE and AO justify no conchision 
because the major term is not distributed, while the 
conclusion (if any) could only be negative. 

Figure IV. Scheme : 

P-M 

MS 

s-p. 

Valid moods : AAI. AEE, lAI, EAO, EIO. 

The premises AI and AO yield no conclusion because 
the middle term is not distributed : and OA because 
the major term is not distributed, while the conclusion 
(if any) could only be negative. 

§ 4. special Rules of Each Figure. 

If the valid moods of each Figure are examin 'd in 
turn, it will be found that each Figure has its peculiari- 
ties and that these peculiarities are the logical result 
of the application of the general rules of the syllogism 
to the special arrangement of the terms in each Figure. 
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These peculiarities constitute what are known as the 
special rules of each Figure, which may be considered 
now. 

(а) special Rules oj Figure 1. A glance at the 
valid moods of Figure I shows that 

(i) the minor premise is always affirmative, and 

(ii) the major preitiise is always universal. 

The reason is that in this Figure {M—P, S—M, 

S—P) a negative minor premise, involving an 
affirmative major premise, would necessitate an 
undistributed major term (unless it happened to be 
singular) and so could not warrant a negative c<m- 
clusion, which is the only one possible if one premise 
is negative. The minor premise must therefore be 
affirmative, and so does not distribute the middle 
term (unless it is singular), which must consequently 
be distributed in the-major premise, and this can only 
be done if the major premise is universal. 

(б) special Rules of Figure II. It will be noticed 
that m all the valid moods of this Figure 

(i) one premise is negative, 

(ii) the major premise is universal. 

The reason is as follows : In this Figure {P—M, 
S—M, S—P) the middle term is predicate in 
both premises, and (unless it is singular) can therefore 
only be distributed if one prcr..ise is negative. Now 
a negative premise necessitates a negative conclusion 
(if any), and tltis requires the distribution of the major 
premise, which must consequently be universal. 

(c) special Rules for Figure III. In aU the valid 
moods of this Figure 
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(i) the minor premise is affirmative, 

(ii) the conclusion is particular 

The reason for (i) is the same as in the case of 
Figure I, namily, to prevent illicit distribution of the 
major term in the conclusion. But the minor premise 
being affirmative it cannot distribute the minor term 
in this Figure {M—P, M—S, S—P), unless it is 
a singular term Then-fore the conclusion cannot be 
gcncnil, only particular (or singular). 

(d) Special Rules of Figure IV. The peculiarities 
of the moods of this Figure are not so obvious, but 
they will be seen to be the following : 

(i) when either premise is negative the major is 

universal, 

(ii) when the major premise is affirmative the 

minor is universal, and 

(iii) when tlie minor premise is affirmative the con- 

clusion is particular. 

The reason for (i) is obvious if one looks at the scheme 
of this Figure (P—M, M—S, S—P). A nega- 
tive premise necessitates a negative conclusion, if any, 
and this requires the distribution of the major term 
in the major premise, which must accordingly be 
universal (compare the special rules for Figure II). 
Again, (ii) if the major premise is affirmative it does 
not distribute the middle term (unless it is singular), 
which must consequently be distributed in the minor 
premise, and so the minor premise must be universal. 
Lastly, the reason for (iii) is the same as in Figure III, 
namely, the minor term being undistributed in its 
affirmalivt- premise (unless it is singular) must nojt be 
di tribnted in tlu- conclusion. 



DEDUCTION AND SYLLOGISM 105 

it only remains to pdnt out again that the special 
rules of the Figures are simply derived from the general 
rules of the syllogism, and involve no neAv principles. 
When testing the validity of any syllogism it is quite 
unnecessary to appl . the special mbs of the Figure 
to which it belongs, or indeed to trouble about its 
Figure at all ; the general mles of the syllogism can 
be applied to it directly. 

§ 5. Quantitative Deduction. 

The kind of deductive reasoning considered in the 
preceding sections may be described as qualitative 
deduction. Tt consists in the application of general 
propositions to certain cases or classes of cases which 
are of a certain kind, namely, of the kind referred to 
in the general propositions applied. We argue, for 
example, that the clouds must be subject to gravitation, 
because aU material bodies are subject to gravitation', 
or we conclude that Jones is liable to pay income tax, 
because all people who are domiciled in this country, 
and whose income exceeds a certain minimum scale, are 
liable to pay income tax; and so on. These examples 
are jmerolv qualitative, not quantitative — ^no reference 
is made to the quantity of the gravitation or to the 
amount of income tax in the above examples. In a 
great many cases, however, both in science and in 
daily life, the general propositions, principles, or regu- 
lations which are applied have a quantitative form, 
and the proper applicafipn of them involves reckoning 
as well as reasoning. Not only must we see to it 
that the cases to which they are applied are relevant 
cases, we must also make our calculations correct to 
the d»'gree required. The following are a few simple 
examples of such quantitative deduction, (i) Accord- 



io6 FORMAL LOGIC 

ing to the Law of Gravitation, two masses and 
whose distance from each other is d, are pulled togetljie' 
each with a force GMyMJd^, where G is the gravita 
tion constant for kinds of matter (approximate!} 
6*66 X 10“*). .V the mass of Jupiter is 315 times 
that of the eartii, nd his mean distance from the sun 
5*2 times that of the earth. Therefore the sun’s 
attraction on Jupiter is 315/5 -2* times that on the 
earth, that is, ii*6 times as great. (2) According to 
Boyle's Law, the volume of a gas, at a constant tem- 
perature, varies inversely with the pressure. Conse- 
quently if a column of air confined in a I'orricellian 
tube at a pressure of one atmosphere is 50 cm. high, 
it will be reduced to 25 cm. when the pressure is 
increased to that of two atmospheres. (3) The 
coefficient of expansion of air under constant pres- 
sure is approximately 1/268-5. Therefore 90 c.c. of 
air at o* C. if heated to 30“ C. Mrill increase to 
90 (i -f 30/268-5) C.C., that is, approximately 100 cc. 

(4) According to Ohm's Law, the strength of an 
electric current (C) passing through a conductor is 
directly proportional to the difference of potential (£) 
between the two ends of the conductor, and inversely 
proportional to the resistance (R) of the conductor. 
(Usually C is given in amperes, E in volts, R in oluns.) 
If, therefore, the fitSment of my electric lamp has a 
resistance of approximately 900 ohms, and the potential 
of my electrical supply is 220 volts, then the strength 
of the current passing through the filament of the 
lamp must be 220/900, that is, ^ ampere approximately. 

(5) According to the laws relating to British income 
tax, no tax is paid on the first sixth part of earned 
income (vrithin certain limits) nor on the next £135. 
There are also various reliefs for dependents, etc. The 
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rest of the earned income is subject to a tax of 10 per 
cent, on the first £225. and 20 per cent, on the rest 
(within certain limits). If, therefore^ Jones has no 
dependents, is not entitled to any special reliefs, and 
earns an annual income of £900, he must pay income 
tax on (£900 —£150 — £135 =) £615, namely, 10 per 
cent, on £225 (= £22 los.) and 20 per cent, on £390 
(= £78), that is, £100 los. 

Quantitative deduction is the commonest type of 
deduction in the exact sciences, but it is common 
enough even elsewhere. It would not be very difficult 
to devise an abstract formula for it, but it is hardly 
worth while. For it really involves no new logic^ 
principle. It consists in bringing certain cases or 
classes of cases under a general law which embodies 
some quantitative formula. What distinguishes it 
from merely qualitative deduction is the supplementary 
calculations required in the way of proportioning the 
general formula to the precise quantities of the cases 
contemplated. The calculations are sometimes very 
complicated and difficult — ^and that may be one reason 
why some students prefer logic to mathematics. 



CHAPTER XI 


ABRIDGED SYLLOGISMS AND CHAINS OF 
SYLLOGISMS 

§ 1 . The Order of Propositions in the Syllogism as a 
Common Form of Argument. 

Syllogisms are very common forms of argument 
or reasoning. Their frequency is obscured by certain 
facts which we have to consider next. 

In the first place, as a matter of convenience in the 
exposition of the different t3q)es of syllogisms, they 
are usually arranged, in boo]^ on Logic, in a certain 
order — ^major premise first, minor premise next, 
and conclusion last. There is nothing sacred about 
this order, any other order would do equally well ; 
only it saves time to have some uniform arrangement 
for purposes of exposition, because the character of 
the several constituent propositions can be recognized 
at a glance. In actual argument, the arrangement 
varies in all possible wa3rs. Perhaps the commonest 
arrangement begins with the conclusion, so as to make 
clear at once what one is driving at. This is nearly 
always the case when there is a reasoned answer to 
a question. But whateverthe sequence of propositions 
in actual argument, there should be no difhculty in 
distinguishing the premises from the conclusion, or the 
major premise from the n<inor premise, though even 
this requires some practice in the analysis of arguments. 

Let us consider an ilkvstration or two. Take the 
argument, "Triangles insixibed in a circle with the 
diameter for base and the vertex on the circuuifetence 
have the sum of the squares on their two sides equal 
to the square on their base For such tri-ingles are 
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ri^t-angled at the vertex; and all right-angled 
triangles have the sum of the squares on the sides 
subtending the right angle equal to the square on the 
base (or h3rpotenuse).*' Here the order of propositions 
is, conclusion, minor premise, major premise. If re- 
arranged, for purposes of easy scrutiny, in the con- 
ventional order adopted in this book, it would fall into 
the following scheme : 


MaP 

SaM 

SaP. 

Take another example. Suppose a teacher asks 
what part of speech the word planet is, and why ? 
The pupil would probably say : " Planet is a common 
noun, because it is a word which can be applied in the 
same sense to any one of a certain class of things, and 
such words are common nouns.” Here, likewise, the 
reasoned answer begins with the conclusion, goes on 
to the minor premise, and ends vrith the major premise. 
In logical form and character it is the same as the 
preceding syllogism. 


§2. Tfie Abridgment of Syllogisms and the Universe 
of Discourse. 

In the second place, owing to the laudable tendency 
to be brief, and to put some trust in the intelligence 
of our fellows, syllogisms are usually abridged, in 
actual discourse, by the omission of one or other of 
the constituent propositions, thoiigh these are obvi- 
ously implied, or taken for granted. To insist on 
each syllogism being expressed completely on every 
occasion would be as absurd as the pedantry of a 
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nursery governess who insists on complete sentences. 
An abridged syllogism is called an enthymeme, and 
is said to be of the first, second, or third order accord* 
ing as the omitted proposition is the major premise, the 
minor premise, or the conclusion. 

In conversation, and in discussion generally, there 
is a wise tendency to be brief, by omitting what« ver 
is obvious to an intelligent person. No doubt there 
are occasions when it is safest to be as explicit as 
possible. That is wliy, for instance, a lawyer's brief 
never is brief. But in ordinary intercourse there is as 
little inclination to regard legal documents as a model 
of self-expression as there is to regard legal process as 
a model of social etiquette. What happens for the 
most part is this. There is a mutual understanding 
about the general topic, or sphere of reference, which 
is under discussion. This sphere of reference is 
known as the universe of discourse or limited universe » 
(or suppositio, in Latin). And the fact that the con- 
versation or discussion is understood (informally, of 
course) to be limited to a certain range of topics, 
instead of being directed to the world at large, enables 
the speakers to be less explicit, and consequently more 
brief, than would otherwise be the case. Thus, for 
example, if the geflfcral theme under discussion is 
modem literature and somebody remarks that 
** MachiaveUi is rather long-winded,” it will be under- 
stood that the reference is not to the historical person, 
but to the novel. In fact " MachiaveUi ” stands for 
” the novel MachiaveUi,” just as, when speaking of 
portraits, *' Gladstone ” would stand for " the portrait 

■ A full account of the conception of universe of discourse 
will be found in the author’s Studies in Logic (Cambridge 
University Press), Chap. III. 



ABRIDGED SYLLOGISMS ill 

of Gladstone.” and so forth. Of course, there are 
people who insist on taking us too literally, just as 
there are others who will leave nothing to our imagina- 
tion or to our understanding ; we must accept them 
with resignation, like other trials, if we cannot escape 
them. Now sometimes whole arguments are abridged, 
thanks to mutual understanding, just as at other 
times single. sentences or phrases are. In such cases 
the real argument as a whole cannot bo duly evaluated 
unless all the omissions are made good, and taken into 
account. Sometimes an argument is really much 
stronger than appears at first sight when the omitted 
but assumed links have not yet been interpolated. But 
at other times an argument in its abridged state may 
appear much stronger than it is when completed, 
because some of the suppressed premises may appear 
more than doubtful when stated explicitly. In some 
cases the abridgment of an argument is due not so 
much to want of time as to lack of candour. Now it 
may or may not be frequently necessary to examine 
the validity of one’s own or other people’s arguments ; 
but when it is necessary to do so, then the whole 
argument must be set out as explicitly as possible, 
by supplying all the assumed but suppressed proposi- 
tions. When the argument consists of a single 
abridged syllogism this is not a difficult matter, and 
expertness with single syllogisms enables one to cope 
readily with chains of abridged syllogisms. 

And now for a few simple, illustrations of abridged 
syllogisms (or enthymemes). The examples given in 
§ I may serve our purpose. In an actual geometry 
class, in which the Pythagorean theorem had just 
been dealt with, the argument about triangles inscribed 
in a circle with its diameter for base would ordinarily 
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be abridged by the omission of tlie last proposition, 
whicti is the major premise. If, on the other hand, 
what had most recently been explained was that 
sudi triangles are right-rangled, the minor premise 
would probably be omitted as something obvious, 
while the major would be stated. Similarly with the 
grammar question. If the children had just been 
taught the definition of a common noun, the answer 
would probably omit the major premise ; if not, it 
might omit the minor premise. Sometimes, again, the 
premises are given, but the conclusion is not stated. 
This is usually the case with suggestions, and with 
insinuations, especially with unpleasant insinuations. 
For example, " People who trade honestly don’t 
get rich so quickly as Mr. X. did.” This is equivalent 
to : No people who work honestly get rich so quickly, 
Mr. X. is a person who did get rich so quickly, \Therefore 
Mr. X. is not Aowesf].' 

MeP 

SaM 

{:.SeP\ 

Lastly, the following instance may show, in a simple 
way, how easy it is to mislead one by suppressing an 
inconclusive premise. If someone say's " Miss Smith 
cannot yet be thffty years of age, because she has no 
Pailiamentary vote,” probably ft'W people would sus- 
pect its accuracy ; but if the major premise, perhaps 
obscurely in the speaker’s mind, were stated explicitly, 
namely, " All women without a vote arc under thiily,” 
most people would recognize its inaccuracy. In the 

' Brackets are used to indicate that the prop*- siti.in enclosed 
in them was omitted from the wording of the original argu- 
ment, but assumed bv it. 
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example just given the conclusion followed fr<»n the 
premises, only the major premise was felse — the form 
of the s^ogism being 

iMaP\ 

SaM 

SaP 

Sometimes, however, tuc assumed but suppressed 
premise is true, only it does not support the inference 
drawn. In the foregoing illustration, for instance, 
the premise in the speaker’s mind may have been 
" All women voters are thirty years of age or over,” 
In that case the form of the syllogism would be 

[MaP] 

SeM 

.*. SeP — an incorrect conclusion. 

§ 3. Chains of Syllogisms and of Abridged Syllogisms. 

In the third place, it is not very often that a problem 
can be settled with the aid of one syllogism, though 
such cases are by no means uncommon. For the most 
part arguments involve several interconnected syllo- 
gisms (or chains of syllogisms, or polysyllogisms, as 
they are called) — to say nothing of other forms of 
inference — and as each syllogism tends to be abridged, 
in the way just described, what we commonly find 
are chains of abridged syllogisms. Naturally, such 
arguments are not readily recognized, or easily deci- 
phered, by those who have only a very superficial 
acquaintance with Logic, and have never made a 
serious attempt to study arguments in the flesh, so to 
say. 

A chain of syllogisms, as distinguished frtmi a mere 
group of disconnected syllogisms, is characterized by 
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the fact that each syllogism eitlicr supports, or is 
supported by, the other — there is real connection, or 
dependence, between them. A supporting syllogism is 
usually called, in relation to the supported or dependent 
syllogism, a prosyllogism ; the dependent syllogism, in 
relation to its prosyllogism, is called an episyllogism. 
The prefixes pro- and epi- mean, of course, before and 
after, respectively ; but in this case the reference is 
not to sequence in time, but to logical sequence — ^the 
conclusion of the prosyllogism is used as a premise of 
the episyllogism, which is therefore logically dependent 
on the former, whichever syllogism may be stated 
first. Take, for instance, the following argument : 
Large-scale production means an increase in real income, 
for it cheapens articles of ordinary consumption, and 
so makes our incomes go farther than they would other- 
wise. Now an increase in real income is obviously 
a boon to people of small means. Therefore large-scale- 
production is a boon to people of small means. Here 
we have two syllogisms. In the first the order of 
statement is that of conclusion first, minor premise 
next, major premise last. In the second syllogism 
the major premise is stated first, and is followed at 
once by the conclusion — the minor premise is supplied 
by the conclusioiTof the first syllogism, and is therefore 
not repeated. Set out in the conventional order the 
Argument has the following form : 


MaP] 
SaM ' 
AS«P J 

1 Prosyllogism. 

PaQ 

1 ■ 

[SaP] 

S Episyllogism. 

:.SaQ J 

1 
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Now the actual order of statement might just as 
well have been reversed ; Large-scale production is a 
boon to people of small means, because it means an 
increase in their real incomes, which is a boon. For 
large-scale production cheapens articles of ordinary 
consumption, arid so makes ow incomes go farther 
than they would otherwise. Symbolically it runs ; 

SaQ ' 

V SaP > Epi^Uogism. 

PaQ . 

[SaP] I 

V SaM > Prosyllogism, 

MaP J 

Here, though the order of statement is reversed, the 
supporting syllogism being stated after the supported 
syllogism, yet logically the supporting syUogism remains 
the prior or />ro-syllogism. If an argument is arranged 
in the first of these ways, so that it passes from pro- 
syll<jgism to episyllogism, that is, always towards an 
episyllc^sm, it is said to be episyUogistic, or progressive, 
or syntJietic. If, on the other hand, it is expressed 
in the second way, passing from episyllogism to 
prosyllogism, that is, alwa}^ towards a prosyllogism, it 
is said to be prosyllogistic, regressive, or analytic. A 
progressive chain of abridged syllogisms is called a 
Sorites ; a regressive chain of abridged syllogism is 
called an Epicheirema. But usage is not uniform in 
these matters, and there is no particular virtue in these 
technical expressions. The main thing is to be able 
to recognize the real character of such chains of syllo- 
gisms, to analyse them into the constituent single 
syllogisms, and note their conformity or otherwise 
to the general rules of the syllogism. 
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§ 4 Degrees of Complexity, or Linear and Syst&matic 
Inference. 

Qiains of syllogisms and of abridged syllogisms may 
obviously be of all degrees of complexity. The above 
example was of the simplest possible type. Here is a 
symbolic illustration of a more complex i3rpe, which 
would not be difficult to match in Euclid or elsewhere. 


MaP 

SaM 

SaP 

[iVaP], 

RaM, 

MaN 

[SaR] 

V ZaN. 

[MaZ] 

PaQ 

[SaP] 

.*. SaQ 

%• lVaQ-\, 

PaV 

V [TaV], 

PaT 


In the simplest types of pol}^yllogisms, or sorites, 
the final inference is arrived at in a comparatively 
simple and straightforward manner, and the s3mibolic 
arrangement is in a straight vertical line ; but as it 
gets more and more complicated, the argument, even 
when set out symbolically, assumes the appearance of 
a more and more complicated figure, or complex 
interconnected S3^tem. Hence we may distinguish 
between the congparatively simpler linear inference, and 
the more complex systemaiic inference. But it would 
be an obvious blunder to identify syllogistic inference 
with linear inference. 

The degree of complexity cA an argument varies 
partly with the extent of the thinker’s knowledge, or 
beliefs, about the various topics relevant to the 
problem, and partly with the extent to which his 
views on these relevant toiucs are shared by those to 
whom the argument is addressed, if it is addressed to 
others. The larg^ the number of connected topics 
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on which the thinker already has definite views, the 
simpler will be the process of inference by whidh he 
endeavours to solve his immediate problem. Siini- 
larly the greater the agreement between the thinker 
and his audience on connected topics, the simpler 
will the argument be; and the greater the differences, 
the longer and the more comprehensive the discussion. 
That is why an argument which is sufficient for the 
followers of one party or school of thought rarely 
satisfies those of another. If the difference extends to 
fundamental principles, then the argument is apt to 
become metaphysical and—interminable. 
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HYPOTHETICAL PROPOSITIONS AND 
INFERENCES 

5 I. Categorical and Hypothetical Propositions. 

The objects of our thought vary enormously in 
respect of concreteness (or, its opposite, abstiactness). 
Sometimes we think of and about some particular 
object or situation — some individual person, some 
domestic pet, some particular planet, and so on. 
Sometimes we think about types of objects, rather than 
individual members as such-human beings generally, 
horses or dogs generally, planets or stars in general. 
At otlier times the objects of our thought are even less 
concrete, or more abstract; we may think about general 
laws of human development, or about the general 
anatomical structure of quadrupeds, or the general 
conditions and laws of their evolution, or about the 
laws of planetary motion, the law of gravitation, and 
so on. The more general considerations are more 
abstract in the sense that they concern certain charac- 
teristics or properties and their mutual relations 
witliout special regard to tlieir particular embodiments 
or settings. 

The term concrete is derived from the Latin concrescere 
(to grow together), and anything which is thought of 
as a centre, or a coalescence, of many attributes and 
relations is said to be regarded as concrete, and the 
more concrete, the greater the number of attributes 
and relations associated with it. On the other hand, 
when the attributes or relations are thought of more 
or less apart from the things or situations which they 
characterize, they are said to be regarded abstractly. 
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There are various degrees of abstraction — a general 
term like Englishman is more abstract (or less con- 
crete) than a singular term like John Locke, and a more 
general term like man is more abstract (or less con- 
crete) than the term Englishman, while the name of 
a quality, like colour, or a relation, like partnership, is 
more abstract still. Nowadays onlj/ terms like the 
last two examples are usually called abstract terms, and 
general class names like man are called concrete ; but 
not so long ago such general names were also called 
abstract names, because of the abstraction from the 
varjdng qualities, etc., of individuals and sub-classes 
which they involve. 

Now propositions vary considerably in certain 
respects according as thtir terms are concrete or 
abstra( t. From the point of vi<'w of human knowledge 
it is obvious that tlic amount of knowledge embodied 
in a singular proposition (that is a pj oposition having 
ct singular term for subject) <.3nnoi as a rule be compared 
hi "Ktent with that embodied in a general proposition ; 
.ind, as will appear soon, the higher achievements of 
sf i.tice are embodied in hig'ily abstract propositions. 

Ag.iin, one may asseit something of a concrete 
sub)i ct without knowing in virtue of which attributes 
of the subject the predicate belongs to it. Such asser- 
tions are sometimes di-sciiofd as assertions of brute 
fact, in contrast with as'utiono of real connections 
between conditions and n This distinction, and 

the other distinction just (Explained, are intimately 
connected. Assertions of brute fact are naturally 
expressed in the more concrete type of proposition ; 
assertions of connection between conditions and results 
(in the widest sense of these terms) are as naturally 
expressed in the more abstract types of proposition. 
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Broadly speaking, the categorical type of prpposi* 
tion is the natural vehicle of the more concrete asser- 
tions brute fact ; the hypothetical proposition 
is the natural vehicle of the more abstract assertions 
of universal connections. It must not be forgotten, 
however, that in actual use the distinction between 
the two types of proposition is sometimes effaced, more 
or less abstract assertions of connection being expiessed 
in the categorical form of proposition, while concrete 
assertions of brute fact, or of arbitrary stipulation, are 
expressed in the hypothetical form of proposition. 

§ 2. The Meaning and Implicaiions of the Hypothetical 
Proposition. 

In the h 3 rpothetical form of proposition we have 
not merely a subject and a predic.ite, but an antecedent 
and a consequent, or a condition and result, between 
which a. connection is asserted. Symbolically its 
general form is 

If A, then C, 

where A represents an antecedent, or conditimi, and 
C a consequent or result. For example. If a triangle 
is equilateral, it is equiangular ; Ij the temperature of a 
gas is raised, its volume is increased (the pressure being 
constant) ; If the’ supply of a commodity faUs short of 
the demand, the price tends to rise (in the absence of 
Government control). In all these cases there is an 
assertion of a general connection between an antecedent 
and a consequent, without special reference to actual 
or concrete cases. Of course, the as^rtion has applica- 
tion to concrete cases In one way or another, asser- 
tions are usually grounded in reality, and have reference 
to the world of reality. Life is too short and strenuous 
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to be spent on unrealities. In one very real sense, the 
very abstractness of abstract r ssertions is only intended 
to give them a wider applicability, that is, to make 
them applicable to a wider range of facts For that 
reason it is always possible to restate the more abstract 
assertions in more cun> .tie form, to reduce the h)^o- 
thetical form 1/ A, then C to the categorical form 
Every case of A isacaseofC. Thus the above examples 
of h 3 T>othetical propositions can be expressed as cate- 
gorical propositions in the following way ; Equilateral 
triangles are equiangular ; A gas, the temperature of 
which is raised, increases in volume; A commodity 
the supply of which falls short of the demand tends to 
rise in price. 

At the same time there are such things as supposi- 
tions which, though based on facts, may still be merely 
speculative, and may not refer to any actual instances. 
One might, for example, in the light of what is known 
about the effects of variations in temperature on all 
kinds of substances, think of what might happen to 
various substances if reduced to a temperature of 
absolute zero, although no actual instance of that 
ten)perature is known. Such suppositions, if they are 
to be expressed unambiguously, should be expressed 
only in the hypothetical form, and not in the categorical 
form, which would probably mislead people into sup- 
posing that the reference is to actual instances (d the 
phenomenon in question. 

The main feature, then, of the hypothetical type 
of proposition is the assertion of a connection between 
an antecedent (or a condition) and a consequent (or a 
result) Now the nature the connection between 
the antecedent and the consequent must be grasped 
clearly, if misinterpretation and invalid inferences are 
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to be avoided. In all cases in which the form of 
assertion If A, then C is employed intelligently, it 
means that the antecedent (A) cannot be true with ut 
the consequent (C) being true likewise. We have just 
stated that, expressed categorically, it means AaC 
{Every case of A is a case of C) ; and to suppose that 
in some cases tli(> antecedent might also be tiue although 
the consequent is not true, would be equivalent to 
asserting AoC, its contradictory. The consequent, 
then, must be admitted to be true, whenever the ante- 
cedent is true, if we commit ourselves to an hypothetical 
assertion ; so that if in any case, or cases, the con- 
sequent is not true, then the antecedent cannot be 
true either. We can express this by saying that Jf A, 
then C implies If not C, then not A. On the other hand, 
though A cannot be true without C, yet C may be 
true without A. If A, then C, in other words, does nut 
imply If C, then A . This is clear if we express their, 
in categorical form. If A, then C means AaC , If C, 
then A means CaA. But wc have seen that universal 
affirmative proposition may not be converted simply. 
AaC does not imply CaA, only C»A, that is, Some cases 
in which the consequent is true are cases in which the 
antecedent is true, which is not the equivalent of If C, 
then A. To treat If A, then C as though it implied 
IfC, then A is csselitially the same mistake as to convert 
SaP into PaS, though the fallacies have diffi'rent 
names, namely, the fallacy of consequent, and the fallacy 
of illicit conversion, respectively. Since, then, the 
con.'^cquent (C) may be true even when the antecedent 
(A) is not, it follows that one may not infer the falsity 
of the consequent from the falsity of the antecedent — 
in other words If A, then C does not imply If not A, 
then not C. There are, indeed, some cases in which 
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If A, then C, and If C, then A, and If not A, then not C 
are all true. This happens whenever the antecedent 
and the consequent are reciprocal, that is, each implies 
the other, as, for instance, in the case oi If a triangle 
is equilateral it is equiangular, where it is also true that 
If a triangle is equiangular it is equilateral. But such 
reciprocity is not usual, and must not be assumed 
without special evidence. Where the reciprocal rela- 
tion does hold good one is, of course, entitled to express 
it in the two propositions If A, then C and If C, then A. 
In such cases the proposition IfC, then A is not implied 
\y If A, then C but is an independent assertion, and the 
proposition If not A, then not C is not implied by If A, 
then C but by If C, then A . 

Briefly, then, the hypothetical fonn If A, then C 
implies (i) that in every case in which A is true C 
must be true, and (ii) that in every case in which C 
is not true A cannot be true {If not C, then not A). But 
it does not imply (iii) If C, then A, nor (iv) If not A, 
tl^en not C. 

- It will have been noticed that the antecedent and 
the consi quent of an hypothetical proposition consist 
each of a categorical proposition of the form S is P or 
S IS not P. The antecedent and the consequent 
may be either affirmative or negative, and the symbols 
A and C nrust not be regard< d as standing for affirma- 
tions ordy. Just as 'x. y, z, etc., may stand for 
negative as well as for podtive quantities, just as 
S, M, P, etc., may stand for negative as weU as for 
positive terms, so A, C, etc., may stand for a negative 
as well as for an affirmative antecedent, or consequent. 
Conversely, ju't as — * may be a positive quantity, and 
5 a positive term, so not — A (or S) and not — C (or C) 
may stand for an affirmative antecedent or consequent. 
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Usually an h)rpothetical proposition with a negative 
consequent is regarded as a negative proposition. It 
certainly can be so regarded and treated. But if 
the foregoing remarks are borne in mind the whole 
business of formal inference frcnn hypothetical premises 
is considerably simplified. It becomes possible to 
treat all hypothetical propositions as affirmative, even 
if their antecedents or consequents happen to be 
negative. This is legitimate, because, after all, the 
main function of an hypothetical proposition is to 
affirm a connection between the antecedent and the 
consequent ; and the connection is affirmed just as 
much when the antecedent and the consequent are 
(either or both) negative as when they are affirmative, 
ilius, for instance, the assertion If a triangle is not 
equilateral it is not equiangular is of the type If A, then C 
just as much as the assertion If a triangle is equilateral 
it is equiangular, though, naturally, if the former is 
s3mbolized as it is s}nnbolized here, the latter, if it 
occurs in the same argument, will have to be symbolized 
If S, then C. The form remains the same, only the 
terms (the antecedents and consequents) are different. 
We can, accordingly, treat all hypothetical proposi< 
tions as afiirmative. The denial of an hypothetical 
takes the form of asserting another affirmative h3q>o- 
thetical propositiolT having the same antecedent but a 
contradictory consequent. The contrary will be uni- 
versal; the contradictory wiU be either particular 
or modal. I Thus, for example, the contrary of If A, 
then C will he If A, then C ; its contradictory will be 
If A, then sometimes C or Sometimes if A, then U, or 
If A, then ma^ C, or If A, then not necessarily C, 

■ PropoBitiona of the fonn 5 may be P, S need not be P, 
S must be P,S eamuU be P, are called modal. 
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This brings us to the question of particular hj'po- 
theticai propositions. Strictly speaking h3q>othetical 
propositions, when properly used, should only be 
universal, not particular, because if there is a real 
connection between the antecedent and the conse- 
quent, the proposition is universal ; and if there is no 
such general connection, the assertion should be ex- 
pressed in the categorical form, not in the hypothetical 
form. It will be found that in a particular hypothetical 
proposition the particle “ if ” really means *' when.” 
The difference between if and when is this : if intro- 
duces a condition at a certain event, etc., and a real 
condition is universal, and is best expressed in an 
h)q>othetical proposition ; when introduces instances 
of a certain event, etc., and an assertion about in- 
stances, as already explained, is best expressed in the 
categorical form of proposition. The fact remains, 
however, that people do sometimes use particular 
h}q)othetical propositions, which have to be dealt 
with accordingly. 


§ 3. Pure Hypothetical Syllogisms. 

In the light of the foregoing explanations there 
should be no real difficulty in dealing with the imme- 
diate inferences from hypothetical propositions, or 
with mediate inferences from two hjrpothetical premises. 
In either case the hypothetical expressions can, if 
necessary, be expressed in categorical form, and then 
treated in the way already explained in connection 
with categorical propositions and inferences. An 
example or two may be given here of syllogisms with 
two h}rpothetical premises, or pure hypothetical ^llo- 
gisms, as they are called. 
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IJ the rays of hght coming from the fixed stars are 
subject to gravitation they will be betU by planets 
near their path to the earth ; 

If the rays of light, etc., are material they are subject 
to gravitation ; 

If the rays of light, etc., are material they will be 
bent by planets near their path to the earth. 

The form of this syllogism obviously is : 

If B, then and f MaP 

If A , then B, > corresponds < SaM 
If A, then C, to ^ /. SaP. 


Here is an example with a negative consequent : 

If a triangle is equiangular it is not right-angled ; 

If a triangle is equilateral it is equiangular ; 

.'. If a triangle is equilateral it is not right-angled. 

This can be regarded as having the same form as the 
preceding example, but with a negative consequent 
in the major premise. Or it can be treated as having 
a negative major premise, in which case its form will be 
as follows : 


If B, then not C, 
If A, then B, 

/. If A, then notX, 


corresponding 

to 


MeP 
SaM 
:. SeP. 


Of course, C and P in the two cases have contra- 
dictory meanings. 

Finally, an example of an inv.ilid yllogism : 

If a man is guilty he is uncomfortable under cross- 
examination ; 

If a man is nervous he is uncomfortable under cross- 
examination ; 

If a man is nervous he is guilty. 
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The form of this syllogism is : 

If C. then BA and f PaM 
V corresponds* SaM 

If A, then C, to SaP. 

This involves the fallacy of undistributed middle term. 

§ 4. Mixed Hypothetical Syllogisms. 

In addition to the mediate inferences which may be 
drawn from two hypothetical premises, it is also possible 
to draw mediate inferences from an hypothetical major 
premise and a categorical minor premise. Such 
mediate arguments are known as mixed hypotheti- 
cal syllogisms, or hypothetico-categorical syllogisms. 
After what has already been said above about the 
meaning and implications of the hypothetical type 
of proposition very little need be added to explain 
the mixed hypothetical syllogisms. With a major 
premise of the form If A, then C there are only two 
ways in which a categorical minor premise can mediate 
an inference. The categorical minor must either 
(i) posit the antecedent (^ 4 ), or (ii) reject the conse- 
quent (C). In the former case (i), the consequent is 
accepted as conclusion ; in the latter case (ii), the 
conclusion denies the antecedent. So we obtain two 
main types of mixed hypothetical syllogism, which 
are known respectively as Constructive and Destructive, 
and may be symbolized as follows : 

Mixed hypothetical Syllogisms 

(i) Constructive (ii) Destructive 
If A , then C If A, then C 
A not C (or C) 

C not A (or S) 
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For example : 

(i) If rays of light are material, they are subject to 
gravitation, 

Rays of light are material, 

Rays of light are subject to gravitation. 

(ii) If the rings of Saturn were non-material th^ 
would be invisible, 

The rings of Saturn are visible, 

..The rings of Saturn are material. 

It makes no fundamental difference to the form 
of the mixed hypothetical syllogism whether the ante- 
cedent and consequent are (both or either) affirma^ve 
or negative. But it should be remembered, of course, 
that the positing of a negative antecedent, or conse- 
quent. will give a negative minor premise, or conclu- 
sion, and the rejection of a negative consequent, or 
antecedent, will give an affirmative minor premise, or 
conclusion. So that the constructive or destructive 
character of a mixed hypothetical syllogism does not 
depend on the quality of the minor premise, or con- 
clusion, but on their relation to the antecedent and 
the consequent of the major premise. A syllogism may 
be destiaictive evjsji if its minor premise, or conclusion, 
is affirmative, and it may be constructive although the 
minor premise, or conclusion, is negative. The first 
of these points is illustrated by the preceding example 
(ii) ; the second point is illustrated by the following 
argument : 

If carbon is not metallic tf is not capable of powerftel 
magnetic influence ; 

Carbon is not metallic ; 

Carbon is not capable of powerful magnetic influenee. 
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^ 5, Abridged and Concatenated Hypothetical Syllogim. 

The remarks made in Chapter XI about abridged 
categorical syllogisms and chains of categorical syllo- 
gisms apply also, tnutatis mutandis, to hj^othetical 
syllogisms, pure and mixed. No special treatment is 
consequently necessary. 



CHAPTER XIII 


ALTERNATIVE (OR DISJUNCTIVE) PROPOSI- 
TIONS AND INFERENCES 

{ X. The Meaning and Implications of the Alternative 
Proposition. 

Having considered categorical and hypothetical 
propositions, their meaning and their implications, 
we must consider next the disjunctive, or alternative, 
type of proposition. The essence of what is commonly 
called a disjunctive proposition is that it asserts that 
<»ie or other of certain alternatives holds good. Its 
S3rmboIic form may be best expressed thus ; Either A^. 
or A„ where Ai and A, stand for categorical proposi- 
tions, such as S is M, S is P, P is Q, S is not M, etc. 
Just as the hypothetical proposition asserts a connection 
between A and C, and says in effect that the truth of 
A involves the truth of C, so the alternative proposi- 
tion asserts that one of the alternatives (Ax or A^ is 
true, that both are not false. 

To understand clearly the meaning and implication 
of the alternative type of proposition, it is necessary 
to realize how it comes to be used. Sometimes it 
arises out of the*classification of things, qualities, etc., 
into classes and sub-classes. Lines, for example, are 
divided into the two sub-classes, right lines and curves. 
We consequently say Lines are either straight or curved, 
which means little more than Some lines are straight, and 
some are curved. Similarly, British subjects consist 
of two sub-classes, namely, British-bom, and 
naturalized. So we say British subjects are either 
British-bom or naturalized, which, again, means little 
more than that Some British subjetis are BrUish-bom, 
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and some are naturalised. Of course there may be, 
and there frequently are, more than two subclasses. 
For example. Triangles are equilateral, or isosceles, or 
scalene, which means little more than that Some 
triangles are equilateral, some are isosceles, and some 
are scalene. Now such propositions, though altema* 
tive in form, are really, as the second statement in each 
case shows, categorical propositions, or combinations 
of categorical propositions. But suppose now that 
we have to assert something about a subject, say 
5 , which we know to be included in a certain class, 
say P, which has certain sub-classes, say and p^. 
Now we may simply assert categorically S is P, which 
we could assert even if we did not know the sub-classes 
of P. But if we want to utilize our knowledge of the 
sub-classes of P we shall naturally assert 5 is either 
Px or Px. For example, we may assert categorically 
that Mr. X is a British subjut, or we may assert that 
Mr. X is either a British-born or a naturahzed British 
subject,. We know that one of the alternatives must 
be true, and if we should discover subsequently that, 
say, the first alternative b not true, then we shall 
know that the second b true. Now, if, as b usual, 
we call the wider class the genus of its sub-classes, and 
the sub-classes the species of their genus, then we can 
say that sometimes alternative propositions express 
our knowledge of the generic character of a subject, 
coupled with uncertainty about its spuific character, 
though we know exhaustively what the various specific 
diaracters are. In sudi cases, namely, those based on 
our knowledge of the classification of the relevant 
objects, the alternatives are not only exhaustive, so 
that one <A them must be true, but (since, in a sound 
dassification, the sub-classes are always mutually 
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exclusive, as well as collectively exhaustive) they 
are also mutually exclusive, so that only one of 
them can be true. In other cases, however, as 
we shall see, the alternatives are not mutually ex- 
clusive, so that while one of them must be true, 
both may be. 

There are cases, namely, in which the same kind 
of result can be achieved in various ways. The results 
achieved by such different means or methods are never 
precisely the same, but for some practical purposes 
they may be sufficiently similar to be regarded as 
essentially the same. Now suppose we know that 
there are only a certain number of ways, or means, 
say two (for the sake of simplicity), by which a certain 
kind of result can be obtained, then, although we 
cannot say categorically that it was, or uill be, brought 
about in one way, we can still assert that one or other 
of these ways was, or will be, responsible for that result. 
For example, suppose we know that there are only two 
ways in which variations in the volume of a gas can 
be effected, namely, by changing its temperature, and 
by varying its pressure. In that case even if we do 
not know how exactly, in a particular instance, the 
change in the volume of a gas was effected, we can 
still assert, for instance, that The increase in the volume 
of this gas is due either to an increase in temperature 
or to a decrease in pressure. Similarly, if it is known 
that there are only two wa)^ of achieving exceptional 
academic success, say, by exceptional cleverness and 
exceptional industry, then, in the absence of other 
infonnation, it can be asserted of any relevant person 
that He is either exceptionally clever or exceptionally 
industrious. Now in those and similar cases the 
alternative proposition still asserts the truth of one of 
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the alternatives mentioned, but the alternatives are 
not mutually exclusive, so that although one alterna- 
tive must be true, both may be true. In the above 
illustrations, for instance, the increase in the volume 
of the gas in question may be due to both, an increase 
in temperature and decrease in pressure ; and the 
academic success of the person in question may be 
due to both, cleverness and industry. It will be seen, 
therefore, that it would be a mistake so to interpret 
the alternative form of proposition as to make the 
alternatives alwa}^ mutually exclusive. The term 
disjunctive, which is commonly applied to alternative 
propositions, rather implies, or, at least, suggests 
strongly, that the alternatives are always mutually 
exclusive. It is, therefore, preferable to substitute 
the term aUemative, which just brings out the fact 
that the propositions in question assert alternatives, 
without suggesting that they are mutually exclusive. 
In a great many cases the alternatives are as a matter 
of fact mutually exclusive. With a little care it is 
even possible so to express alternative propositions as 
to make the alternatives alwa5rs mutually exclusive. 
For example, the proposition about the increase in 
the volume of the gas could Ix' expressed in this way : 
The increase in the volume of this gas is due to (i) an 
increase in temperature only, or (2) a decrease in pressure 
only, or (3) to both an increase in temperature und a 
decrease in pressure. Or, mon* generally, the proposi- 
tion S is either P or Q can be restated in the form 
S is P only, or Q only, or both P and Q ' ' S ts P^ or 
PO or PQ, where the various possibilities are mutually 
exclusive. But the cumbrousness and pedantry of 
such restatement are rather against it, and, in any 
case, the fact remains that people do employ the 
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alternative form of proposition even when the alterna- 
tives are not mutually exdusive. The simplest way, 
accordingly, is not to regard the alternatives as mutually 
exdusive unless we have spedal reasons for it, that 
is, reasons other than the mere form of alternative 
assertion. We may condude, therefore, that the 
alternative type of proposition asserts that one of the 
alternatives is true, and that it does not, as such, assert 
that only one of'them can be true. From this it follows 
that the alternative proposition Either or implies 
1/ not Ai, then A^ and If not A^, then A^ ; and that it 
does not imply If Ai, then not A^ and If A^, then not Ai. 
It is worth noting that in alternative propositions no 
real significance attaches to the order in which the 
alternatives are stated, so that, in the foregoing 
statement of what Either A^ or A, implies and does 
not imply, the second proposition in each case was 
really unnecessary. 

Alternative propositions are essentially affirmative. 
Whatever the alternatives may be, the proposition 
always asserts, in effect, that one of the alternatives 
is true. But the alternatives themselves (like the 
antecedents and consequents of h 3 q)othetical proposi- 
tions) may be either affirmative or negative. Quali- 
tatively, therefore, alternative propositions are always 
affirmative. The contradictory of Either A^ or A^ is 
Neither Ai nor A^. But this last proposition is not 
an alternative proposition, only a compound cate- 
gorical proposition, meaning Ai is not true (or not A-^ 
and Af is not true (or not Ag ) — ^there are no alter- 
natives asserted. 

Quantitativdy an alternative proposition should 
always be universal, never particular. The use of a 
particular alternative proposition, such as Sometitnes 



DISJUNCTIVE SYLLOGISMS 135 

either or A^, or Some S's are either P or Q, is simply 
a confession ot ignorance of the other possibilities. 
The assertion in question would be expressed more 
accurately in two particular categorical propositioxis — 
Some S*s are P and Some S’s are Q. This should 
be obvious from such instances as Some triangles are 
either equilateral or isosceles. Some heavenly bodies are 
either planets or comets. 

§ 2. Pure Disjunctive Syllogisms. 

Having explained the meaning and immediate 
implications of the alternative type of proposition we 
may consider next the mediate inferences which may 
be drawn from two alternative propositions. The 
fonn of the mediating element (corresponding to the 
middle term of a pure categorical syllogistn) is peculiar 
in this case. It should be obvious that two alternative 
premises, even with a common alternative, can yield 
no mediate conclusion. Either or A^, and Either 
Af or Af can only be summarized in the proposition 
Ai or Af or A,. Similarly, S is either P or Q and 
S is either Q or R can only be summarized in the pro- 
position S is P or Q or R. But then a bare summary is 
not a mediate inference. There is no term here merely 
mediating between others and forming no part of the 
result, as in the case of pure categorical and pure 
hypothetical syllogisms. The only way in which 
mediate inference is possible with two alternative 
premises is when an alternative of one premise con- 
tradicts an alternative of the other premise. Thus : 

Either A^or A^ 1 S is either P or Q 

Either not A^or A^ - or < S is either ^orR 

Either A^ or A^ ^ :. S is either PorR 
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The following argument may serve as an illustration 
of this very rare t3rpe of argument. A commodity is 
either produced on a large scale, or it is costly ; And 
it is either in great demand, or it ts not produced on a 
large scale; Therefore a commodity is either in great 
demand, or it is costly. 

This is the only t}^ of pure alternative syllogism, 
abstracting from such minor variations as arise from 
differences in the quality of the alternatives, which 
(as already explained) may be either affirmative or 
negative. 

The pure disjunctive syllogism is not very much like 
a syllogism, and is an uncommon type of argument, 
but it is quite valid when each premise exhausts the 
possible altemattves. Its formal validity may be 
shown as follows. The premise S is either P or Q 
implies that if S is {; then it is P; and the premise 
S is either Q or R implies that if S is Q, then it is R. 
From the two premises it follows that whenever S is Q 
it is P and whenever S is Q it is R. The cases in which 
'j is R therefore include all the cases in which S is Q; 
and the cases in which S is P include all the cases in 
which S is Q. Consequently, the conclusion S is either 
P or R exhausts all possible cases. 

•dm 

§ 3. Mixed Disjunctive Syllogisms. 

It is possible to draw a mediate inference from an 
alternative major premise and a categorical minor 
premise. After what has already been said about 
the meaning and implications of the alternative t3q>e 
of proposition, it should be obvious tliat the only kind 
of case in which a mediate inference can be drawn 
from an alternative major premise and a categorical 
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minor premise is when the minor premise denies an 
alternative of the major premise. Thus; 

Either A^or \ [ Sis either PorQ 

Not Ai > or < S is not Q 
A^ [ S M P 

This is the only t)^ of mixed disjunctive syllogism, 
allowing for the fact that there is no significance in 
the order of the alternatives of the major premise, and 
that the alternatives may be negative as well as 
affirmative, and that consequently the minor premise 
and the conclusion may be affirmative as well as 
negative. The following arguments may serve as 
illustrations of the mixed disjunctive syllogism. 

(1) The light by which we see the moon, when it is 
b^ond the reach of the direct rays of the sun, is due 
either to the moon's own light or to earth-light (that is, 
light reflected from the earth) ; But it is not the moon's 
own light (or the moon is not self-luminous) ; 

It is due to earth-light. 

(2) Heat is either a hind of substance (stuff) or a kind 

of energy ; 

Bui it is not a substance ; 

It is a kind of energy. 
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DILEMMAS 

§ I. Principal Types of Dilemma. 

A dilemma is an hypothetico-<lisjunctive syllogisi i, 
or a mediate argument based on an hypothetical 
major premise and an alternative minor premise.* 
Now a little reflection will show that with a single 
hypothetical major premise it is impossible to employ 
a disjunctive minor premise, because a single hypo- 
thetical proposition presents no opportunity for an 
alternative assertion. With a single hypothetical 
proposition as major premise, the minor premise, 
whether it posits the antecedent or denies the con- 
sequent, is categorical, not alternative, and the whole 
argument is consequently a mixed hypothetical 
syllogism, not a dilemma. It is only when the major 
premise consists of two hypothetical propositions that 
the minor premise can be alternative, and either afi&rm 
alternatively the two antecedents, or deny alternatively 
the two consequents. The dilemma, like the mixed 
hypothetical syllogism, has two principal forms, the 
constructive, and the destructive. If the disjunctive minor 
premise posits (alternatively) the two antecedents of the 
hypothetical major premise, then the dilemma is called 
constructive; if the minor premise denies (alternatively) 
the two consequents of the hypothetical major premise, 
then the dileiruna is called destructive. The following 
are the principal symbolic forms of the dilemma: 

■ Hence the dilemma is sometimes included among both 
mixed hypothetical and mixed disjunctive syllogisms. But 
to avoid ambiguity it is best to confine the terms tmxed hypo- 
tketical and mixed disjunctive syllogisms to those cases in which 
the minor premise is a categorical proposition. 
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(1) Complex Constructive Dilemma 
If A i, then Cy, and if A^, tiien C^ 

Either or .4, 

Either C, or C* 

( 2 ) Complex Destructive Dilemma 
If Ai, then Q, and if A^, then Cj 

Either not Q or not Cj 
Either not A^ or not ^4, 

The following arguments may serve as illustrations 
of the two types of dilemma respectively : 

(1) If heat is a stuff its quantity must vary with the 

volume of the substance which contains U, and 
if heat is a kind of energy then its quantity 
must vary with the amount of energy expended ; 

Heat is either a kind of stuff or a kind of energy ; 

The quantity of heat must vary either with the 
volume of the containing substance, or with 
the amount of energy expended. 

( 2 ) If an examiner is tender-hearted he mil pass weak 

candidates, and if he is just he will reject them ; 

But he must either reject them or pass them ; 

7 berefore an examiner »s either not tender-hearted 
ot not just. 

It is usual also to distinguish between simple 
dilemmas and complex dilemmas. The foregoing 
schemas and arguments are illustrations of complex 
dilemmas, because the major premise in each case 
has two distinct antecedents and two distinct conse- 
quents. When the major premise has the same c<mse- 
quent for both antecedents, or the same antecedent 
for both consequents, then the dilemma is called 
simple. If there are two antecedents and only one 
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consequent the simple dilemma can be constructive, 
but not destructive, because there are not two conse- 
quents to be denied alternatively in the minor premise, 
and the resulting argument, if destructive, cannot be 
a dilemma, though it can be a valid mixed h3rpothetical 
syllogism. When there are two consequents and only 
one antecedent in the major premise the resulting simple 
dilemma can be destructive, but not constructive, 
because there are not two antecedents to be posited 
alternatively in the minor premise, and so the resiilting 
argument, if constructive, cannot be a dilemma, though 
it may be a valid mixed hypothetical syllogism. The 
principal foinis of the simple dilemma are the following: 

(3) Simple Constructive Dilemma 

or A^, then C 
Either Ai or A^ 

• c 

(4) Simple Destructive Dilemma 
If A, then both Q and Cg 

Either not or not 
Not A. 

The following arguments may serve by way of 
illustrations of the two t3q>es of simple dilemma : 

(3) If the min^s have to work longer or to earn less, 

they will be dissatisfied ; 

But they must accept either lor^er hours or re- 
duced wages : 

Therefore the miners will be dissatisfied. 

(4) If the coal industry were in a sound condition the 
miners and the mine-owners wotdd be corUented; 

But either the miners or the mine-owners are dis- 
contented ; 

Therefore the coal iisdu^ry is not in a sound condition. 
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§2. Difficulties and Faults of Dilerntnas. 

The dilemma is a difficult form of argument merely 
because it happens so rarely that a problem, or situa- 
tion, can be expressed exhaustively, or even adequately, 
in two alternatives ; and when the alternatives are 
not exhaustive, then the conclusion is not valid. 
At the same time it must not be supposed that there 
is anything inherently wrong with the dilemma. The 
way in which dilemmas are sometimes used, or rather 
abused, for rhetorical purposes, or in jest, b rather 
apt to convey the impression that the dilemma b a 
kind of sophbtical trick rather than a sound form of 
argument. But such a view is quite erroneous. 
When tlie alternatives expressed in the minor premise 
of the dilemma are exhaustive, and the terms employed 
are not ambiguous and misleading, the dilemma b 
quite soimd. Nearly always, if not absolutely always, 
when a dilemma b invalid it b due to the fact that 
the minor premise does not exhaust all the possibili- 
ties, so that there remain possibilities leading to other 
results than those stated in the conclusion. And the 
defect b often concealed by ambiguous language which 
givbs the minor premise the appearance of exhausting 
the alternatives when it really does not. Take, for 
example, the kind of arguments one sometimes finds in 
reports on inquests in connection with so-called peculiar 
people. The excuse for not calling in medical help 
usually runs somewhat as follows : 

If the deceased was destined to recover, then medical 
aid was unnecessary, and if he was not defined to 
recover, then medical aid was futile ; 

But he was either defined to recover or not destined 
to recover ; 
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Therefore medical aid was either unnecessary or it was 
frUUe. (In other words, there was no point in getting 
medical help.) 


Here the dilemma looks sound, and yet most people 
feel that it is not. It looks sound because the alterna* 
tives stated in the minor premise appear to be exhaust- 
tive, for they look like a pair of contradictory 
alternatives {destined . . . and not destined . . .), and 
contradictory terms are collectively exhaustive. As 
a matter of fact, however, the alternatives are not 
exhaustive, indeed the most important possibility is 
omitted altogether, and its omission is veiled by a mere 
ambiguity. The ambiguity is this. In the major 
premise the second hypothetical proposition is only 
plausible because we assume that "not destined to 
recover " means " destined not to recover ” ; in the 
minor premise " not destined to recover " only looks 
like the contradictory of “ destined to recover ” (and 
therefore as its completing or complementary altema* 
tive) because it is taken in a mudi wider sense than 
" destined not to recover," as including, in fact, not 
(mly this alteniStive, but also the case of there being 
no destiny at alL Now, obviously, if there is no such 
thing as fatalistic destiny, then everything might 
depend on the medical help called in in case of illness. 
This is the c(»nmon-sense view, yet this possibility 
is entirely omitted from the argument — ^to say nothing 
oi the possibility of a conditional destiny depending 
on certain measures being taken. The real possibili* 
ties may be indicated in the following scheme. Aman’s 
lot may be ei^«r (a) d^ined or (6) not destined ; and 
if (a) dosHnsd, thra the destiny may be either (*) con* 
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ditional on certain steps being taken, or (it) uncon- 
ditional. The above dilemma as a matter of fact 
is tacitly based on (a) (it) alone, and quietly ignores 
(a)(t) and (b) altogether. 

§ 3. Thf So-called Rebuttal of False Dilemmas. 

The commonest type of dilemma is the complex 
constructive, and as dilemmas are frequently invalid 
there has come into vogue a special device for refuting 
the complex constructive dilemma when it is suspected 
of inaccuracy. The device is known as that of rebutting 
a dilemma, and consists in transposing the consequents 
of the major premise, changing their quality, and then 
proceeding as usual. Let the original dilemma have the 
form : 

If A j, then Cj, and if A^, then C, 

Either A^or 
Either Cj or C, 

Then the rebuttal will assume the following form : 

IJ Ai, then not C^, and if A^ then not 
Either Ai or A, 

Either not Cg or not Cg 

For example, let the original dilemma be the one 
given on page i4if, then its rebuttal will read as 
follows : 

If the deceased was destined to recever, medical aid 
was not futile, and if he was not' destirted to recooar, 
medical aid was not unnecessary ; 

But he was either destined to recover or not defined to 
recover : 
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Therefore medical aid was either not futile or not un- 
necessary. (In other words, there would have been 
no harm in calling in medical aid.) 

For some reason or other the process of rebuttal has 
almost escaped criticism. It is possible that with an 
uncritical audience a so-called rebuttal may produce 
a favourable impression. As a rhetorical trick the 
device may, therefore, have some value. But logically 
it is worthless. Any complex constructive dilemma, 
even the soundest, can be " rebutted,*' and this alone 
should have made logicians suspicious of its value. The 
fact is that the “ rebuttal " does not rebut the original 
condusi<m at all. This should be obvious from a 
comparison of the original conclusion with the alleged 
refutation. The original conclusion is Either Ci or C|, 
and the alleged refutation is Either not Cf or not Cii 
but they are perfectly consistent with each other. 

As has already been explained, the usual faiilt of an 
unsat&factory dilemma is that the alternatives stated 
in the minor premise are not exhaustive. The most 
effective way of really rebutting a dilemma is to point 
out what possibilities have been overlooked, and to 
show up such wbiguities as may lurk in the argument. 

§ 4. Abridged and Concatenated Disjunctive Syllogisms. 

It only remains to point out that the account given 
in Chapter XI of abridged categorical syllogisms and 
chains 01 categorical syllogisms applies, mutatis 
mutandis, also to disjunctive syllogisms, pure and 
mixed, and to dilemmas. 
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CHAPTER XV 


INDUCTIVE INFERENCE AND ASSOCIATED 
COGNITIVE ACTIVITIES 


§ X. Inductive Inference. 

The inferences discussed in the preceding diaptns 
erere aU such as could be drawn from given premises, 
or could be evaluated in the lig^t of given premises, 
fnovided one had sufficient knowledge of the lan- 
guage in which th^ are expressed to understand 
tile meaning and implication of the main types of 
propositions, singly or in certain combinations. 
This does not mean vhat all these discussions turned 
on purely verbal mattos. Far from it, for propo- 
sitions ejqiiess judgments, or thou(|^ts, and thoughts 
are concerned with reality. But, for reasons already 
eiqilamed, we assumed that the propositions con- 
stituting the premises were there som^ow, and that 
we were only concerned with the unfolding of their 
implications, not with the problem of their origin 
or derivation. If, however, it be asked now how 
the requisite propositions are obtained, then the 
answer is that some are obtained by direct observa- 
tion, some by intuition, some by inference from 
other propositions, and some by inference from facts 
of observation. Singular propositions and particular 
propositions are commonly the result of direct 
observation, or of inference from other propositirms 
soobtained. But general propositions. thou|^nuuiy 
of them are inferences from other general propori- 
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tions, are in the last resort obtained as inferences, 
or generalizations, from observations, and are not 
the mere equivalents of observations, in the way in 
wnich many singular and particular propositions 
may be said to be. Moreover, there are even 
singular and particular piopositions which are like- 
wise not the bare equivalents of observations nor 
inferences from other propositions, but inferences 
from observations. 

Now the methods by which general propositions, 
or generalizations, and certain particular proposi- 
tions like those expressing certain statistical legu- 
larities, are obtained from observed data are known 
as the methods of science, and constitute the main 
problem of what is sometimes called Methodology, 
sometimes Scientific Method, and sometimes Indnc^ 
live Logic, One or two points may be noted at the 
outset. 

The methods of science can, of course, be described 
in general terms, and, when so described, can be 
^own to involve certain of the types of inference 
described in the preceding chapters. But the suc- 
cessful applications of the scientific metliods involves 
a great deal more than that. It involves a famili- 
arity with the facts investigated, and an insight into 
them that cannot be usefully formulated at all, 
but which may prompt conclusions which are felt 
to be sound in spite of certain shortcomings when 
gauged in the light of the rules of purely formal 
inference. • 

Again, when such generalizations have been made 
’ ' T\r#'krknv^itionS. thCbC propOSl- 
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tions can be made the starting-point of immediate 
and mediate inferences which may help one to 
explain present and past events, or to anticipate 
future events. But the transition from general 
proposition to events, though by no means so easy 
as to be fool-proof, is much ea**jer than the transition 
from observed events to trustworthy generaliza- 
tions. For one medical man who makes a new 
discovery there are probably more than ten thousand 
who do not, but who can safely and usefully apply 
old generalizations to new cases. 

Again, a knowledge of the kind of inferences dealt 
with in the preceding chapters should be helpful in 
connection with the application of scientific methods. 
For, after all, what is aimed at in scientific investi- 
gation may be described, from one point of view, 
as the discovery of propositions from which the 
observed facts might have been inferred — the infer- 
ability of the facts from such piopositions consti- 
tuting usually the explanation of the facts. That 
is why induction is commonly described as the 
reverse of deduction. But the main point is to 
realize that the study of scientific method is inevit- 
ably less abstract than the study of inferences from 
propositions, and is consequently on a rather different 
footing. 

For the better understanding of the problems of 
inductive logic it is advisable to have some insight 
into the chief mental activities by which knowledge, 
including science, is built up. We propose, accord- 
ingly, to take up the consideration, however brief, 
of these topics. 
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§ 2. Observation and Experiment. 

Science is the creation of man. Nature, with all 
her regiilarities and irregularities, might have been 
just as real even if there were no men to observe and 
to study her. But there could have been no science 
without human beings, or beings like them. It is 
the spirit of man brooding over the stream of 
natural events that has given birth to science. For 
science is knowledge, and knowledge is the result of 
mental activities operating upon a world of objects. 
Now, speaking generally and without any attempt 
at psychological analysis at this stage, the mental 
activities which lead to scientific knowledge are 
roughly of two principal kinds, namely, processes 
of Observation, and processes of Inference. By 
Observation is meant the act of apprehending things 
and events, their attributes and their concrete 
relationships, also the direct awareness of our own 
mental experiences. By Inference, as already ex- 
plained, is meeint the foimation of judgments on the 
strength of, or as a conseciuence of, other judgments 
already formed, it may be, on the groimd of observa- 
tions, or only jentertained provisionally either for 
further consideration, or for the sake of argument. 
The broad distinction between observation and 
inference is sulftciently clear. But it is not always 
easy to draw the line between them, as will be 
shown, to some extent, later. And, unfortunately 
for clear thinking, people do not always realize that 
they are drawing inferences when they pass from 
particular observations to generalizations or to 
forecasts. 
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In the case of observation in the interests of 
science we may distinguish two principal kinds, 
namely : (a) bare observation of phenomena under cir- 
cumstances which are beyond control, and (6) experi- 
ment, that is observation of phenomena under 
conditions which the investigator can control. Bare 
observation, as also experiment, may be assisted 
greatly by the use of scientific instruments, such 
as telescopes, microscopes, etc., also by selecting 
specially suitable times and places for making the 
observations ; but no scientific instruments, and 
no amount of trouble taken over the observation of 
the phenomena investigated, can be said to render 
the observation experimental in character unless the 
phenomenon observed and the circumstances of its 
occurrence are actually affected and controlled 
thereby. The chief advantage of experiment over 
bare observation is, that imder experimental condi- 
tions it is usually easier to analyse accurately a 
complex phenomenon into its components, and to 
vary the circumstances of its occurrence in such a 
way that it is possible to draw reliable inductive 
conclusions concerning the connection between 
certain antecedents and consequents, or conditions 
and results. When phenomena and the circum- 
stances of their occurrence are entirely beyond the 
control of the investigator, he is apt to overlook 
some important factors altogether, and to misjudge 
the frmction of others. 

Inference, likewise, has two chief types, namdy. 
Induction and Deduction. Inductive inference is the 
process of ascertaining some kind of order (class- 
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character, law, or system) among the phenomena 
observed and studied. Deductive inference is the 
process of appl3dng either inductive conclusions or 
hypothetical concepts, laws, or regularities to suit- 
able cases or classes of such cases, li; the scientific 
study of natural phenomena, inductive inference 
plays .he most important role, though deductive 
reasoning also contributes its share. 

Observation and inference, however, are very com- 
plex processes, and it is advisable to consider some 
of the constituent processes which are of the utmost 
importance for aU scientific investigation, I ul 
cannot be described as specific methods of science 
because they are really constituents of all, or nci. •'ly 
all, scientific methods properly so called. The 
cognitive processes referred to are those of analysis 
and synthesis, imagination, supposition and idealiza- 
tion, comparison, and the perception of analogies 
A brief account of these various processes foUows , 
but no significance should be attached to the oidci 
of their exposition in the following sections. 

§ 3. Analysis and Synthesis. 

The discot^ry of order in the phenomena of 
nature, notwithstanding their complexity and 
apparent confusion, is rendered possible by the 
processes of analysis and s}mthesis, which are the 
foundation of all scientific methods. The objects 
and events which we observe are nearlv always 
complex, but, mentally at least, we can always 
analyse them into their constituents or components. 
This process is helped by the comparison of two or 
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more objects or events which are similar In some 
respects, and different in others. But in its turn 
analysis facilitates more exact comparison. Having 
analysed the complex whole into its parts or aspects, 
we may tentatively connect one attribute of a thing 
with another, or one aspect of a thing with another, 
in order to discover a law ; or we may, in Imagination, 
synthesize again some of the attributes or aspects, 
and so form an idea of what is common to many 
objects or events. The process may be extended 
to classes of classes, whether of things or of events 

The elements obtained by the analysis of differed t 
objects 01 events may also be synthesized in auth • 
waty as to form combinations the like of which have 
never been observed at all. In this way we fonn 
or acquire general and abstract ideas without which 
all higher knowledge, including science, would be 
impossible. In some cases, as in physics, chemistry, 
etc., the processes of anal3rsis and synthesis can also 
be carried out materially (that is, objects can 
actually be broken up into their parts, or vice 
ver'ia), and then scientific discovery may be greatly 
aided by the experimental variation of the conditions 
of the phenomena, in accordance with the direct 
methods of induction. 

§ 4. Imagination, Supposition, and Idealization. 

The presence of order in nature is not very 
obvious. The impression made by the observation 
of natural phenomena is, for the most part, one of 
bewildering confusion. How do we come to look 
for order at all ? Why do we take the trouble to 



INDUCTIVE LOGIC 


154 

discover classes, connections, or laws ? The answer 
is fairly clear if we bear in mind the original <.haracter 
of human knowledge, including science. Knowledge 
was bom in the service of life ; it was, and in many 
ways still is, essentially an instrument of life ; and 
life needs some kind of order in its environment, if 
it is not to be a perpetual groping in the dark. 

Where possible life actually creates order of some 
degree, as may be seen in the habits of animals, in 
the customs, laws, and conventions of human 
society. In the case of natural phenomena, of 
course, man cannot create order, he can only look 
for it, try to discover it, if it is there. But it is the 
need for order, as an aid to life, that prompts man 
to search for it everywhere. If he succeeds, well 
and good ; if he fails to discover order, or some 
special form of order, in any realm of facts, then he 
modifies his expectation, or maybe abandons it 
altogether, and turns his attention to other facts in 
the hope of discovering order there. Sometimes, 
indeed, the need for perfect order has been felt so 
keenly, in the face of the obdurate disorder of an 
impeiiect world, Jhat men like Plato and other 
idealistic philosophers have conceived an ideal, 
transcendental world over and above this world of 
ours. Here is shown, in an extreme form, the felt 
need for order which, in varying degrees, all intel- 
ligent human beings experience. And it is this felt 
need that always prompted mankind, and still 
prompts us, to try and discover order in Nature. 

The actual search for order in nature follows more 
or less the usual modes of human conduct. It 
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begins with what is known as the method of trial 
and error, and, in the course of time, is characterized 
more and more by that insight and guidance which 
are the fiuits of accun ulated knowledge and 
experience. That is to say, at first, any kind of 
classification might be tried, based on any kind of 
resemblances, and any facts or events may be 
believed to he cou..e.'teil if they are observed to be 
conjoined. But, in due course, the mistakes are 
corrected in the light of subsequent experience, and 
the piocess of discovering order is carried out with 
far greater caution, with the help of, and with 
increasing regard for, the knowledge already 
acquired. Such a cautious, tentative attempt to 
discover order in any group of facts, by trying to 
fit a supposition that would make them appear 
orderly, constitutes what is known as the method 
of hypothesis. 

An hypothesis is any tentative supposition by 
the aid of which we endeavour to explain facts by 
discovering their orderliness. All the methods of 
science may be said to depend on fruitful hypotheses. 
So long as it can be put to the test, any hypothesis 
is better than none. Without the guidance of 
hypotheses we should not know what to observe, 
what to look for, or what experiments to make, in 
order to discover order in nature. For observation 
not guided by ideas, even hypothetical ideas, is blind, 
just as ideas not tested by observation are empty. 

Hypotheses or suppositions are. of course, used 
in everyday life, and in philosophy and in theology, 
as well as in science. In science, however, no 
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hypothesis is seriously entertained unless it can b 
put to the test of observation, either directly o> 
indirectly. Hypotheses may, of course, be true 
even if they cannot be tested or verified. On the 
other hand, hypotheses that can be tested by 
observation frequently turn out to be false, when so 
tested. Nevertheless, science has no use for barren 
hypotheses, that is, hypotheses which cannot be put 
to the test. Many hypotheses, which subsequently 
turned out to be false, were fruitful all the same, 
because they suggested lines of investigation which, 
though they led to the repudiation of those hypo 
theses, also led to the discovery of truths. But 
hypotheses which are barren at one time may 
become fruitful at a subsequent period, when 
suitable scientific instruments and processes have 
been invented. Thus, for example, most of the 
hypotheses relating to air were barren until Guericke 
invented the air-pump, and the chemists of the 
eighteenth century invented suitable processes for 
the anal 3 ^is of air. 

Intimately connected with the processes of 
imagination and supposition is the process of 
idealization, whose function in science has not 
hitherto met with due recognition. By idealization 
in science 1 mean the process of conceiving the ideal 
limit of some ph^omenon that has been observed 
in various forms more or less approximating- that 
limit, but never reaching it. The conception of 
ceaseless movement, implied in the fiirst law of 
motion, is a case in point. The numerous uses of 
limiting cases in mathonatics, and the conception 
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of a purdy " economic man ” in economics, are 
other instances. When supplemented by the 
process of hypostasization, that is, the process of 
treating an idea or a concept as though it were an 
existing object, the process of idealization may go 
a long way to explain the ideal constructions of 
mathematics, without our having to resort to a 
Platonic idealism or a Scholastic realism. 

§ 5. Comparison and Analogy. 

The observation of similarities and differences, 
aided by the processes of analysis and synthesis, 
constitutes one of the first steps in all knowledge, 
and accompanies its progress throughout. But 
there are degrees of similarity. Things, attributes, 
or events may be so similar that we regard them as 
being of the same kind, or as belonging to precisely 
the same class or type. On the other hand, there is 
a similarity which stops short of such close class- 
resemblance, and then we refer to it as analogy. In 
its wide sense the term analogy is applied to 
similriiity of function, similarity of relationship, 
in tact, almost to any similarity short of that which 
characterizes members of the same class of things or 
events. Now. analogy also plays an important rdle 
in the advance of science. The acquisition or 
discovery of neW knowledge is rendered possible by 
utilizing the knowledge already acquired. It is a 
process of apperceiving new or strange phenomena 
in the light of what is already known of other 
similar or analogous {^enomena. In our search for 
order in any group of phenomena we naturally 
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attempt to " try on *' any kind of order with which 
we are already familiar. Hence, analogy is a very 
fruitful guide to the formation of hypotheses or 
tentative orders of phenomena. Sometimes', indeed, 
what at first appeared to be a somewhat remote 
dmilarity or analogy may, on further investigation, 
turn out to be so close that what at first appeared 
new and strange is included in the same class as the 
old, by the aid of which it was apperceived. Thus, 
for example, lightning turned out to be the same 
kind of thing as an electric flash, and the movement 
of the moon was shown to be the same kind of 
phenomenon as the fall of an apple. This result, 
it is true, is not very common ; but even in other 
cases analogy is very helpful. One need only think 
of the most important discoveries in the history of 
sdatce, in order to realize the enormous value of 
analogy. Our conception of the solar system (the 
helio-centric theory) owes a great deal to the analogy 
of the miniature system of Jupiter and the Medicean 
satellites. Some of the most important discoveries 
in modem mathematics are due to the analogy, 
discovered by Descartes, between algebra and 
geometry. The wave-theory of sound was suggested 
by the observation of water-waves ; and the un- 
dulatory theory of light was suggested by the 
analogous air-waves which transmit sound. The 
theory of natural selection by the struggle for 
existence was suggested to Darwin by his knowledge 
of the artificial selection by which breeders have 
produced the -many varieties of domestic animals. 
And so forth. 
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It is important, however, to bear in mind also that 
analogy, as suggested, is not an independent scien- 
tific method but only an aid to the formation of 
hypotheses. Its sole service consists in originating 
hypotheses, and so suggesting lines of research in 
which scientific methods may be employed. By 
itsdf, analogy establishes nothing, notwithstanding 
the frequent reference one meets with to what is 
called "proof by analogy." The reason may be 
briefly indicated as follows. Generally speaking, 
what happens in so-called proof by analogy is this : 
some phenomenon or a class of phenomena, say 5, 
is observed to resemble some other phenomenon or 
class of phenomena, say Z, in respect of some 
feature, say M ; from this similarity it is concluded 
that 5 resembles Z also in respect of some other 
feature, say P, which Z is known to possess, but 
which has not yet been observed in 5. Now, such 
a conclusion can only be justified if it can be shown 
that, directly or indirectly, M and P are connected 
by some law, for unless indeed there is some ground 
for supposing that M and P are connected in some 
way, the similarity between 5 and Z in respect of M 
is really irrelevant in considering their possible 
similarity in respect of P. But the question of the 
connection between M and P can only be decided by 
the inductive methods, not by the mere analogy. 
For example, the undulatory character of the 
transmission of light and sound, as already 
mnarked, was suggested by the wave-moti<m of 
water ; but mily suggested. The hypothesis had to 
be verified by observation and experiment If 
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analogy alone were sufficient to warrant a conclusion 
it might have been assimied that, since the trans- 
mission of sound is analogous to that of light, the 
phenomena of polarization, which are found in the 
case of light, would also be met with in the case of 
sounu. But analogy could only suggest this as an 
hypothesis, which subsequent inductive investiga- 
tion has not verified. So that analogy, like all 
perception of similarity, and like analysis and 
synthesis, and imagination and supposition, must 
be regarded as an auxiliaijj;^or a jireliminaiy to the 
inductive methods properly so called, rather than 
as an independent scientific method. 
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CIRCUMSTANTIAL EVIDENCE 

§ I. General Character of Circumstantial Evidence. 

There is one kind of inference which, although it 
is not always concerned with generalization, is like 
induction inasmuch as it is inference from facts 
rather than from propositions, is a reverse process, 
and proceeds by way of hypothesis. We refer to 
inference from circumstantial evidence. It is a very 
common type of reasoning in the study of history 
and literature, and especially in daily life. But it 
is also employed in the service of science, although 
this is apt to be overlooked on account of the fact 
that science is mainly interested in the generaliza- 
tions which usually follow the argument from cir- 
cumstantial evidence when employed in science. 
We shall return to this point later on. First of all, 
howeyer, it is necessary to explain and illustrate the 
general character of inference from circumstantial 
evidence. 

Circumstantial evidence is particularly common 
in connection with attempts to trace criminals, but 
of course it is not confined to such cases. What is 
meant by circumstantial emdence? The term is 
commonly used by way of contrast with what may 
be described as evidence bearing directly on the 
main problem, and denotes evidence concerning, 
or consisting of, certain facts or factors which, so to 
say, surround the main event. For example, take 
the case of a theft. If the thief is caught in the 

L 
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act, that is direct evidence of the most conclusive 
kind. Usually, however, people who plan a crime 
will take every precaution they can think of against 
red-handed discovery, in fact, against any kind of 
direct observation of their crime. Such direct evi- 
dence is, accordingly, uncommon. Frequently, how- 
ever, there are " circumstances,” that is occurrences 
surrounding the principal act, and more or less con- 
nected with it, which betray the criminal. It is 
these " circumstances ” that constitute the circum- 
stantial evidence. What usually happens is this 
Certain objects or occurrences, observed in the 
neighbourhood of the locality where the crime was 
perpetrated, are felt to be connected with the crime 
or the criminal. These are traced as far as possible, 
and linked up with other facts and occurrences until 
they suggest an hypothesis about the identity of the 
criminal. The hypothesis, if satisfactory, will lie 
such that it links up the otherwise disconnected 
objects and occurrences into one connected whole 
or system. And, in the absence of serious counter- 
evidence, the hypothesis which gives the most con- 
sistent and complete picture of the principal event 
in question and'^s circumstances will be accepted 
as the true account. It is important, of course, that 
no circumstances unfavourable to the hypothesis 
should be ignored. An arbitrary selection of cir- 
cumstances may send innocent people to prison or 
even to the gallows. Su< h things have happened. 

Perhaps the simplest illustration of inference from 
circumstantial evidence is the process of piecing 
together the parts of a picture puzzle. Here we have 
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a number of separate parts which are supposed to 
be connected somehow, or to belong together, and 
the solution of the puzzle takes the form of putting 
them together in such a way that they present a 
consistent and harmonious whole. Of course the 
problems of practical life are not often solved so 
completely as picture puzzles, or cross-word pro- 
blems, which leave no parts ovei that cannot be 
accounted for. 

Inference from circumstantial evidence is a very 
common method of historical reconstruction, even 
apart from the unravelling of political crimes. The 
task of the political historian may be described as 
that of so utilizing the available evidence as to 
reconstruct by means of it the dram \ of the events 
in question. It is in some ways like piecing together 
the pieces of a pictuie puzzle, but of a picture puzzle 
of which many parts are missing, while others have 
been damaged, or distorted, or faked. The result 
is that there is far more scope for the play of indi- 
vidual fancy in the case of historical reconstruction 
than there is m the assembling of the parts of an 
ordinary picture puzzle. What has been said 
of political history holds good likcwj of literary 
history, and of all kinds of histoi . al an biographical 
lesearches. 

Inference from circumstantial evidence can be 
abundantly illustrated from the files ol newspapers, 
and from political and literary histories Any good 
account of, say, the chronology, etc., of the plays of 
Shakespeare (to say nothing of the Bacon-Shakes- 
peare controversy) will afford examples of tliis kind 



INDUCTIVE LOGIC 


164 

of inference. But the following quaint example, 
culled from the recent speculations of a contem- 
porary archaeologist, may serve our purpose. 

Everybody is familiar with the e:q>ression “ the 
island of the dead.” Is the expression merely a 
poetic fan<y . or does it express an early belief in the 
actual existence of such an island; and. if so. which 
island did it refer to? If we could cross-examine 
the early writers who used the expression they might 
tell us what they really believed. That would have 
been direct evidence. But that is not available. 
One has. consequently, to rely on " drcumstantial 
evidence.” that is. such allusions to ” the island of 
the dead ” as can still be read in old writings. 

Now the principal relevant ” circumstances ” may 
be summarized as follows. According to Gredc 
mythology the underworld of the dead is a land of 
darkness, where the sun never breaks through the 
mists and clouds. According to Homer, the land 
of the Cimmerii formed the entrance to the under- 
world, and this land was situated “ at the end of the 
deep Ocean.” The Styx, which the dead had to 
dross in boafS, is also described as ” an arm of the 
Ocean.” And in the passage in the Odyssey, which 
describes the journey of the slain wooers across the 
Styx to the underworld, there is a reference to some 
*' white cliffs ” which they passed on their way. 
Now Pluto was not only the god of the underworld, 
but also of metal ores. The Cornish coast of Britain 
was well known to Phoenician mariners, who came 
there for tin. This roast also marked the limit of 
maritime s^ventures in those days (” the end of the 
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deep Ocean ’*). To the sunburnt Mediterranean the 
clouds and mists and pale complexions he encoim- 
tered in Britain may have seemed strange indeed. 
Again, the Celts usually went by the name of Cymri, 
not very unlike Homer’s Cimmerii. Lastly, in the 
fifth century A.D. Procopius relates explicitly a 
legend according to which the souls of the dead 
sail in ships from the Gallic coast to an island called 
Britta, which he assimied lay somewhere north of 
Scotland, and was inhabited by Britons, Saxons 
and Frisians. 

Such are the data, or " circumstances." The 
hypothesis suggested is that originally Britain was 
really regarded as the island of the dead. By the 
fifth century A.D., however, Britain vras sufficiently 
well known to render this identification impossible, 
and so Procopius located the " island of the dead " 
farther north. Whether the h3^thesis is true or 
not need not be discussed here. The main point is 
that the h}^thesis gives meaning to a number of 
things which would otherwise appear to have no 
significance. 

§ 2. Circumstantial Evidence and Generalization. 

It was pointed out above that in numerous 
cases, perhaps in the vast majority of cases, in which 
people reason from circumstantial evidence no 
attempt is made to generalize the result. That is 
so because the cases mostly dealt with are such as 
are not likdy to recur in precisely the same form, 
and if cases should arise which are partly, but only 
partly, similar, then recourse is had to analogy, at 
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least as a jumping-off board. There are, however, 
cases in which reasoning from circumstantial evi- 
dence is applied to facts which are not unique but 
actually t3q>ical of innumerable similar facts. In 
such cases ^e reasoning from circumstantial evidence 
is at once generalized, the conclusion arrived at 
being assumed to be true of the whole class of 
phenomena in question. This is fairly common in 
science. For example, Harvey’s discovery of the 
circulation of the blood was really arrived at by 
reasoning from circumstantial evidence. The main 
data were these. The heart by its alternate con- 
traction and expansion acts like a pump. As the 
heart contracts so the arteries expand, and within 
the heart itself the ventricles contract when the 
auricles do so. It looks therefore as if the blood is 
pumped from the auricles to the ventricles, and 
from the ventricles into the arteries. Again, the 
blood in the arteries can only flow in one direction, 
namely, away from the ventricles, because valves 
prevent it from flowing in the reverse direction. 
On the other hand, the blood in the veins can flow 
only toward^ the auricles of the heart, because 
valves prevent it from flowing in the reverse direc- 
tion. Moreover, the amount of blood which the 
ventricles send into the arteries in the course of a 
single hour is more than the whole body c^n hold. 
Where, then, does the incessant flow of blood go to, 
and where does it come from? Considering the 
wholestructureof the blood-vessels,the only plausible 
answer is that the blood flows from the arteries into 
the veins, from the veins into the auricles of the 
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heart, and from there into the arteries again. And 
this, stated very sketchily, is what is meant by the 
circulation of the blood. (See the Diagram and 
description at the end of this section.) Obviously, 
it was reasoning from circumstantial evidence that 
led to tlie mental construction of the interconnection 
between the various parts concerned so as to con- 
ceive them as parts of one vascular system. But 
this interpretation can, of course, be applied wherever 
a similar anatomical structure is to be found. The 
conclusion, though reached by reasoning from cir- 
cumstantial evidence, is therefore general in charac- 
ter, (jr a generalization. And this is true of a good 
many scientific inferences. It would be no great 
e.xaggeralion to say that the application of most 
inductive methods consists, in the first instance, in 
reasoning from circumstantial evidence, and then 
generalizing. But of this something more will be 
said in due course. Here we need only add the 
remark that the ultimate goal oi all human reasoning 
is to obtain a s3moptic view of the drama of cosmic 
events, and this ideal aim, in so far as it can be 
achieved at all, can only be attained, even remotely, 
by reasoning from circumstantial evidence. 

The term " reasoning from circumstantial evi- 
dence," which has been used throughout this chapter, 
obviously draws attention to the kind of evidence 
from which this sort of reasoning sets out. It does 
not characterize in any way the type of condusion 
at which it arrives. Yet in some ways it is at least 
as interesting to note the kind of conclusion in which 
the process ends as the kind of evidence with which 
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it begins. Now, as already explained, the charac- 
teristic feature of this kind of reasoning consists in 
its construction of a system, of which the various 
items of evidence form coherent parts. For this 
reason it is both natural and usual to call reasoning 
from circumstantial evidence systematic ” reason- 
ing, and this name was actually used in Chapter 
XI, § 4, where systematic reasoning was contrasted 
with linear reasoning. The one drawback to the use 
of the expression “ systematic ** for this purpose ia 
its familiar use in a rather different, though not 
entirely different, sense. 


Diagram to Illustrate the Circulation of the 
Blood (from The^xscovery of the Circulation of ike Blood, 
by Charles Singer, published by G. Bell & Sons). As the 
left ventricle contracts the blood is forced through the 
valves into the great artery called the aorta. From there it 
passes into smaller arteries and the capillaries until it 
enters the veins, and then passes through the great vein 
called the vena cava into the right auricle. Vinticn this 
auricle contracts the blood is forced through the valves 
into the right ventricle, and passes through the pulmonary 
arteryinto thelung. From the lung the blood passes gradu- 
ally into the pulmonary vein, from there into the left 
luride, and then into the left ventride again, and the 
whole drculatory process is repeated. 
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CLASSIFICATION AND DESCRIPTION 
§ I. Classification. 

Science, like aU human knowledge, begins with 
sense-experience. But sense-experience is so diverse 
and so complicated as to appear almost chaotic, in 
a real chaos life, or at least a rational life, would be 
impossible. So from earliest times the human 
mind sought out the elements of order in the world, 
and the first step in this direction consisted in the 
noting of similarities between things. Such noting 
of similarities between things constitutes an implicit, 
if not an explicit, classification of them. At first, 
no doubt, classification subserved strictly practical 
purposes. Similar objects, or events, were simply 
such as could be treated as equivalents one for 
another for certain practical purposes. In course 
of time, however, as human knowledge gained some 
freedom from the bonds of immediate needs, increas- 
ing disinterestedness was shown in the similarities 
observed. Classification then tended to become 
more and more objective, or more and more natural, 
attention being paid more to the cliaiacter of the 
things themselves, instead of to their human uses. 

The vast number of classifications spontaneously 
made by early man is obvious from the evidence of 
language. Every name expresses the recognition 
of a class of objects ; and language is much older 
than science. Many of these early classifications 
were based on inadequate observation. Superficial 
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resemblances often succeeded in concealing deeper 
differences, or superficial differences succeeded in 
disguising more important similarities. Ddiberate 
reflection and scientific study have, therefore, ample 
opportunity to cotT'-ct the classifications which are 
implicit in langac^ge. For example, in popular 
language and thought a whale is just a fish because 
it lives in water, coal is just a mineral because it is 
found in a mine, and a sea-anemone is a vegetable 
because it looks rather like it. For science, on the 
other hand, a whale is a mammal, coal consists of 
fossilized plants, and a sea-anemone is an animal. 
The idea that a gas might be a metal, or that the 
processes of breathing, burning, and rusting belong 
to the same class of events, would be altogether 
beyond popular conceivability, but it is the idea 
put forward by science. Notwithstanding such 
differences, however, the popular classifications 
implicit in language usually form the starting-point 
of scientific classification. Scientific classiheation 
hardlv ever begins from the beginning, but rather 
sets out from current classifications. Sometimes 
even men of science may feel uncertain about the 
proper place of certain things in the recognized 
schemes of classification, and, in that case, it may 
be best to admit a new class. Tliat is what 
happened, for instance, in the case of the single- 
celled creatures now known as Protista. Some 
biologists classed them with vegetables, others with 
animals, but eventually they were recognized as a 
distinct intermediate class, and called Protista. 

Classification, then, is in some ways the eailiest 
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and simplest method of discovering order in nature. 
To recognize a class is to recognize the unity of 
essential attributes in a multiplicity of individual 
instances. Classification is thus a recognition of 
the one in the many. The method of classification 
is the first method employed in every science. Long 
before there is that deeper insight into facts, which 
is required for the more advanced methods of 
science, the method of classification can be, and has 
to be, employed. Many sciences, indeed, remain 
for a long time in a merely classificatory stage, and 
have consequently come to be known as classifi- 
catory sciences. This is especially true of botany, 
zoology, and ethnology, and was at one time almost 
equally true of chemistry, mineralogy, and some 
other sciences. 

Classification is a method of science, it is a way 
of knowing or regarding things. It is primarily a 1 
intdlectual activity, not a physical activity. The 
classification may be exemplified or illustrated by 
the grouping of objects in a museum, for instance. 
But the physical grouping is not the real, essential 
classification : it isjjnly an illustration of it. The 
essence of a classification consists in the fact that 
certain things are thought of as rdated in certain 
ways to one another. The things may be, and 
usually are, too numerous to be physically grouped 
together, and, even if an actual physical arrange- 
ment were possible, such an arrangement would be 
based on a prior intellectual classification, and 
would not itself constitute a real classification. 
Classification is a mo<te of knowledge, a way of 
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grasping the unity of certain things, and the rdation 
between various kinds of things. Classification 
has, of course, an objective basis in the actual 
kinship, or similarity, of the objects classified. The 
man of science is not supposed to invent 01^ to 
create, but only to discover the sameness or simi' 
larity of character in the things, processes, etc., 
which he classes together. But sameness of 
character is something very difierent from a ph)rsical 
grouping together of objects. The arrangements 
seen in a botanical garden, or in a zoological garden, 
or in a natural history museum, or in a museum of 
ethnology or of mineralogy, are not classifications 
m the strict sense of the term, but arrangements 
iUustraiing classifications 

The aim of scientific classification is to see things 
according to their actual objective relationship. 
Such a classification is what is meant by a natural 
classification. There are other classifications. It 
has already been pointed out that the earliest 
classifications tended to be based on man’s practical 
needs in relation to the objects concerned. Even 
long after that stage was passed, classifications were, 
owing to insufficient knowledge, based on merely 
superficial, or less important, attributes. The 
history of botany, for example, is, to a large extent, 
the history of various attempts to classify plants on 
the basis of all kinds of attributes, such as the 
character of the leaves, of the fruit, or of the corolla, 
of the calyx, or of the stamens. What is sought 
after in natural classifications, especially in biology, 
is that the things as a whole should be taken into 
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account, with all their important attributes. To 
achieve this satisfactorily a great deal of knowledge 
is usually required. Often, indeed, such knowledge 
can only be acquired with the aid of the higher 
scientific methods. The method of classification, 
therefore, although it is the first and the earliest 
method of science, may also, in a sense, be the last 
method of science, for the final outcome of the 
application of other methods of science to certain 
classes of facts may be a new classification of those 
facts. This may be seen to some extent in the 
recent history of biology and of chemistry. 

Classification is not only of individuals into 
classes, but also of classes into wider or highei 
classes, and of those into still higher classes. In so 
far as the ideal is attainable, the facts investigated 
in a science can be conceived as members of a 
perfectly orderly scheme of things. All classifica- 
tions are based on the piesence or absence, or the 
presence in varying degrees, of certain attributes ; 
and those classifications are the most natural in 
which the attributes selected as the bases of the 
classifications are ^ch as carry with them the 
presence 01 absence, or the presence in varying 
degrees, of othei attributes. Mammals, for example, 
are usually classified according to the character and 
arrangement of their teeth, because agreement and 
difference in these re.spects are found to be cor- 
related with agreement or difference also in other 
respects. For similar reasons the classification of 
the chemical elements is based on their atomic 
weight, with which their specific heat, also their 
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boiling point and melting point, are usually cor- 
related, at least within the same periodic group of 
elements. 

Classifications made for special, practical purposes 
are usually called artificial classifications. They are 
not made from the standpoint of the objects them- 
selves, so to say, but from the standpoint of the 
practical needs of man. For example, the usual 
classification of plants, found in standard treatises 
of scientific botany, is a natural classification. It is 
based on what is believed to be the objective or 
natural kinship of the plants themselves and is not 
intended merely to serve some practical purpose of 
man, except to satisfy his desire for knowledge, for 
pure science. But the druggists’ and herbalists' 
classification of )>1ants is different. These classifi- 
cations have reference primarily to the needs of 
man for medicinal remedies. Such an artificial 
classification is perfectly legitimate, and in a sense 
even natural, namely, in the sense that it is based 
on some objective character of the plants, and that 
it IS suitable for the puiposc in view. But it is 
artificial, and not natural, in so far as the basis on 
which it rests is in the main something extraneous 
to the plants themselves. 

The more restricted the puipose for which the 
classification is made, the less informing is it likely 
to be about the essential objective character of the 
objects so classified. An extreme case of this may 
be cited from Punch. An old lady went on a 
railway journey with a menagerie of pets. The 
railway porter told her what the fare would be for 
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her dogs, but did not know the tariff for her other 
pets, so she sent him to the stati<m-mastcr to 
inquire. When he returned he said : “ Station- 
master says, mum, as cats is dogs, and rabbits is 
dogs, and so is parrots, but this 'ere tortoise is a 
hinsect, so there ain’t no charge for it.” From the 
limited view point of the railway company's schedxile 
of fares, dogs and cats and rabbits and parrots all 
belong to the same class. This classification was not 
made in the interests of science, and what is done 
for a special purpose can only be judged in the 
light of its suitability for that purpose, and not 
by the impersonal standard of pure science. 

§ 2. Description, General and Statistical. 

Classification is intimately connected with 
description. When objects are recognized as form- 
ing a class, the class has to be named and described. 
The name and the description help to make 
permanent the result of the process of classifying. 
They facilitate future reference to the subject on 
tile part of the discoverer, and they make it possible 
to communicate«the discovery to others. Science 
is essentially the result of co-operation. Scientific 
workers in any field of inquiry keep in touch with 
one another through the medium of scientific 
societies, scientific periodicjils and other publica- 
tions. They exchange ideas and check one another's 
results. In this way what is likely to be true for all 
is sifted from the mistakes of the individual. 

Now, description may be comparatively ea^ and 
simple, or it m«ty be difficult and complicated. In 
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a simple case a statement of easily recognizable 
parts, qualities and processes might suHice ; in a 
more difficult case the parts, qualities and processes 
may be hard to describe, and precise quantitative 
considerations may be involved besides. The 
sciences have, accordingly, developed nomenclatures 
(01 systems of names for all the classes of objects 
with which they are concerned), and terminologies 
(or systems of expressions, including names, verbs 
and adjectives, for the parts, qualities and processes 
of the individual objects included in the various 
classes), and certain statistical devices for the most 
convenient and most informing expression of the 
quantitative aspects of the things within their 
domain. The terminfilogical schemes and the 
statistical methods are important aids to descrip- 
tion. The description is, of course, a description of 
things ; but the concise, economic description of the 
things in a class constitutes the definition of the 
name of the class. 

The description of the objects included in the 
same class will naturally confine itself to attributes 
which they have in common, and only to some of 
these. The attributes selected to be included in 
the description will be those that are considered to 
be the most important, in the sense that they 
actually are, or are likely to be, correlated with more 
of the remaining attributes than are the others. 
With the progress of knowledge our estimate of the 
relative importance of the different attributes may 
change, and the descriptions or definitions are, 
therefore, liable to revision. When, as frequently 

H 
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happens in geometry, there are several equally 
correct ways of describing concisely the same class 
of objects, then the selection of one of them in 
preference to the others may be guided by considera- 
tions of convenience. That description or definition 
will be preferred which enables the reader, or listener, 
to realize most easily the nature of the objects 
described. That is the reason why in geometry the 
different classes of rectilinear figures are described 
by reference fo the sides, and not by reference to the 
angles, although the names of some of them actually 
have an obvious etymological reference to the 
angles rather than to the sides, for example, tiiangle, 
rectangle, pentagon, etc. In addition to such 
concise descriptions, which are used in the scientific 
definitions of the names of the classes, there are 
other descriptions in use as well ; also typical 
pictures and diagrams, when possible, in order to 
convey a vivid idea of the kind of thing described, 
even to those who have never actually perceived an 
instance of it. 

Science, however, aims at exactness, and is not 
satisfied witl\.anything that is more vague or 
indeterminate than is necessary. Now no two 
things are exactly similar, and, in order to place 
objects at all in the saune class, many individual 
differences have to be ignored, emphasis being laid 
on the common attributes. But that does not yet 
get over all the difficulties. Things belonging to the 
same class may be of the same kind, in the sense that 
they bear a general resemblance to one another in 
important ways, yet they may vary, nevertheless. 
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from one another even in respect of some of these 
similar features. This is especially true of living 
objects. Plants and animals of the same species 
vary from one another in sundry >ways. Such 
variations are not something abnormal, but some- 
thing quite common, in biology. The exact descrip- 
tion of the class must consequently take cognisance 
of these variations, as well as of the resemblances. 
An example or two may help to elucidate this. 

Prawns have dorsal teeth, but the number of 
dorsal teeth varies from individual to individual. 
Some have only one dorsal tooth, while others have 
as many as seven dorsal teeth. How shall the type 
be described with reference to the number of these 
dorsal teeth ? To answer this question a biologist 
examined 1,434 sptM imens, which he collected from 
an estuary near Plymouth. The examination of 
their dorsal teeth gave the following results : — 

2 had I dorsal tooth 

23 ,, 2 ,, teeth 

103 ,, 3 

533 tp 4 »» 

681 ,, 5 ,, ,, 

89 .. 6 ,, 

3 7 •* »» 

In a case like this the type might be described by 
means of some kind of average. One might take an 
arithmetical average or mean, adding up the number 
of teeth possessed by all the above prawns together, 
and dividing the total by the niimber of prawns. 
The t3rpical number of dorsal teeth would then be 
about 4*5. Or one might take the mode as typical. 
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that is the number which is found most commonly, 
in this case it would be five, which is the number 
of dorsal teeth possessed by +he members of the 
largest group. Or one might regard the median as 
typical, that is the value of the individual in the 
middle of the whole collection, when all the indivi- 
duals in the collection are arrayed, or conceived to 
be arrayed, in an ascending or descending order of 
magnitude. In this case the middle prawn would 
be the 717th or 7T8th, and both fall withm the group 
of the 681 with 5 dorsal teeth. 

Take another example, clover sometimes has 
flowers in which one or moie florets are higher th.uj 
the rest. De Vnes examined 630 specimens with 
the following results : — 


325 

clovtr flowers had 

0 

raised floret 


t $ 


1 

• 1 

19 

66 

»» 

It 

2 

1 1 

lloiets 


$ 1 

It 

3 

1 1 

1 1 
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* 1 

4 

It 

1 9 

ifj 

f # 

* 1 

’•) 

1 1 

99 


f 1 
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1 1 

1 9 

7 

It 

ti 

7 

1 1 

1 1 
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19 


9 9 

99 

1 

II 

• I 

9 

99 

9 9 

T 

II 

II 

10 

99 

99 


In this case the arithmetic avenge or mean would 
be about i*5, while the mode and the median would 
be o. 

When the type has been determined in one of the 
above ways it still remains to indicate the extent to 
which the individuals deviate from the type. The 
individuals in a class of a given aveiage, or type, 
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may be more or less homogeneous, and the extent of 
their homogeneity or heterogeneity must be indicated 
in some way. This is done by measuring the devia- 
tion from the average, in simple collections like the 
above, and ascertaining the typical or average 
deviation from the average or type. In the case of 
the prawns, for instance, one would tabuh'ie the 
differences between five and the actual number of 
dorsal teeth possessed by all the individual prawns 
examined, and take either the arithmetical average 
of these differences, or deviations (called the average 
deviation), or their median (called the median 
deviation or probable error). The prawns show a 
median deviation of one ; the typical number of 
dorsal teeth would, therefore, be represented as 
5 ± I- 

The raised florets of the clovei -flowers have a 
median error (also an average deviation) of about 
I • 5, the same as their arithmetic mean, so that the 
typical number of raised florets would be expressed 
by I'S ± 1-5. 

Another kind of average deviation frequently 
employed is that known as the Standard Deviation 
(or a). It is the square root of tlie average of the 
squares of the deviations fn»m the arithmetical 
average of the group. And th(* i‘\piession probable 
error ” (p.e.) is sometimes used conventionally for 
the standard deviation multiplied by a constant. 

§ 3. Classification and Other Methods. 

Classification is not only the earliest and simplest 
method of science in the sense ulieady explained. 
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namely, that it is the method applied even when no 
other can be applied as yet, it is also the basic 
method of science, in the sense that its results are 
usually assumed when the other methods are 
applied. For example, whether the biologist is 
endeavouring to establish an evolutionary develop- 
ment between certain remains of animals, etc., or 
whether the physicist tries to establish a causal 
connection between certain physical phenomena, 
what he is always thinking of is not the individual 
objects before him as such, but the whole classes 
or types of objects of which they are specimens. 
As already explained, science is not as a rule con- 
cerned with individual objects or instances as such, 
but with types or classes. This means usually that 
the investigator assumes that the method of classifi- 
cation has been accurately applied in arriving at 
the classification of the phenomena with which he 
is at the moment concerned. Of course, the same 
instance, or individual object, or event, can be 
variously classified according to its various charac- 
teristics. And the validity of the gcnerali//atic»n 
based on one otnnore instances will, apart from other 
conditions, depend on th( accuracy of the class- 
concept under which the instance or instances have 
been subsumed. Many popular prejudice.^ are rash 
generalizations on the lines of irrelevant or illegiti- 
mate class- concepts Care is obviously necessaiy. 

§4. Descnpiion and Deftmtion, 

There is one kind of description which deserves 
special consideration. It is familiar under the name 
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of Definition. Definition may be described generally 
as a concise description of a class of objects, real or 
conceivable. The results of a process of classifica- 
tion are secured and made permanent by giving a 
name to every class, and defining the names. The 
main function of dictionaries is to keep a record 
of names and definitions so obtained, and to make 
them readily accessible. There are two kinds of 
definition, genetic and substantial, [a) A genetic 
deJimUon is one which describes the mode of genera- 
tion or production of the kind of thing whose name 
it defines. Thus, for example, a ciicle may be 
defined as the figure traced out when one end of a 
straight line is fixed while the other is revolving. 
Similarly a sphere may be defined genetically as 
the figure described when a seiniiiicle is revolved 
rouna its fixed base (the diameter of the circle) ; 
and so on. Most chemical formula* may be regarded 
as such genetic definitions. Genetic definitions, 
however, are not so common a 5 substantial defini- 
tions. Foi the most pait people want to know what 
kind of a thing it is that the name stands for, rather 
than how it is produced. ( 6 ) A substantial definition, 
then, is a concise desciiption of what sort of a thing 
it IS that the name defined stdiuls for, or means. 
The simplest way ol stating is to give the name 
of the next wider or more conipulunsive class of 
which the things in question constitute a sub-class, 
and to state the characteristic or chaiacteristics 
which distinguish the sub-class in question from 
cognate sub-classes. Now, in the wider or popular 
sense of the terms (as distinguished from their 
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strict biological use) any wider class consisting of 
sub-classes is said to be the genus of those sub-classes, 
while the sub-classes are called the species of that 
genus ; and the characteristic or the characteristics 
which distinguish one species from other species of 
the same genus (or cognate species) is called the 
difference or differentia. Again, the Latin for 
“ nearest *' is proxivium. Hence this kind of sub- 
stantial definition is commonly known as definition 
per genus proximum et diffcrentiam. Thus, for 
instance, suppose the term to be defined is the term 
“ rectangle,'* then the next wider class of the obj( > 
referred to is parallel igram," and the differenct^ ' 
which distinguishes ** rectangles " from other paral- 
lelograms is that the former are right-angled. The 
definition of “ rectangle " will therefore be “ a right 
angled parallelogram," Similaily a " square" may 
be defined as " an equilateral rectangle," and i^o on. 

If a substantial definition does not strictly follow 
the rule of " the nearest genus and the difference,' 
it will either be wrong or misleading. Thus, for 
instance, to define " square " as " an equilateral 
parallelogram "'^is wrong ; the definition includes 
other figures than squares, because instead of giving 
the rarest genus (rectangle) it gives a remote 
genus (parallelogram). Again, to define "equi- 
lateral triangle " as "a triangle having all its sides 
and angles equal " is also objectionable because it 
is misleading, for anybody not acquainted with the 
subject might be led to suppose that triangles may 
have equal sides without also having equal angles, 
or vice versa. * .When one characteristic of a class of 
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things involves another (as is the case with the 
equilateralness and the equiangularity of triangles) it 
is obviously unnecessary to state both in a succinct 
description, and, as just explained, it may even be 
misleading to do so, instead of being more helpful. 
Such a characteristic implied by another charac- 
teristic already included in the definition is called 
a proprium (or property, in this technical sense) of 
the term defined. Any quality not regarded as 
essential to the class of objects whose name is defined 
is called an accidens (or accident in this technical 
sense) , and should never be included in the definition 
of the name. 

§ 5. Classification and Division, 

Classification is usually regarded as the processes 
of ordering " things, that is. of mentally arranging 
them, according to their simUarities and differences, 
into classes of individuals, and classes of classes. 
Individual objects or events, etc., are the starting* 
point for the method of classification, and the result 
of its application, or continued application, is a 
class, or a series of increasingly wider classes — or 
classes and sub-classes, or genera and species, as 
they are commonly called. The widest class of 
objects studied in any science is usually called the 
highest genus (summum genus) for that science, while 
the most restricted sub-class which cannot be usefully 
divided into other narrower sub-classes, but only 
into individuals, is known as the lowest species {infima 
species). Clas.sification may therefore be said to pro- 
ceed from individual objects to lowest species, and 
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thence to higher and higher genera until it reaches 
the highest genus for the science in question. 

Now Division is the name of the reverse process 
of beginning with some generic class, and dis- 
tinguishing within it various sub-classes, each of 
which may in turn be again sub-divided into other 
sub-classes, until the lowest species are reached which 
cannot, to any purpose, be further sub-divided 
except into individuals. 

The results of classification and division are 
essentially the same, namely, a scheme of inter- 
related classes. From the tabulated scheme it 
would often be difficult, if not impossible, to tell 
whether the scheme was obtained by continued 
classification, or by continued division. It is only 
the direction of the process that is different in the 
two cases. In classification the direction is from 
individuals towards the summum genus ; in division 
it is reversed. The ultimate result is essentially the 
same. Only in some cases, especially in cases of 
ideal or mental constructions, such as geometrical 
figures, types of inference, etc., it is simpler to 
proceed by divisimi, in others, such as most empirical 
phenomena, it is impossible to proceed otherwise 
than by classification mainly. At the same time it 
would be a mistake to draw a hard and fast line 
between the two processes even as processes, for, 
in the case of many so-called classifications, classifi- 
cation and division are more or less combined, some 
distinctions having been learned from experience 
pure and simple, while others are suggested by 
logical or rational considerations 
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THE EVOLUTIONARY A.'JD COMPARATIVE 
METHODS 

§ I. The Evolutionary " Genetic Method * 

The e aie bOine fact& which are not sufficiently 
similar to be regarded as belonging to the same 
immediate class, but are similar enough to make us 
regard them as belonging to neighbouring classes, 
or as sub-classes of some higher class. In such 
cases one is sometimes led to suppose that the 
similar classes arc kindred in the more or less usual 
sense of being descended from a common ancestor 
or antecedent. A new problem thus arises, namely, 
that of tracing the stages in the descent or the 
development of the kindred classes This is 
especially true of living objects, then organs, and 
their functions, etc. In the case of human beings, 
there are similar problems relating to the origin and 
the development of their customs, their institutions, 
and then inventions, etc. The scientific method by 
which such developments arc traced is known as the 
Genetic Method, also as the Evolutionary Method ; 
and in so far as the method ■iuc < eeds m establishing 
the stages in the evolution of 1 1 rtain classes of facts, 
a better insight is obtained into tlwir unity and 

» Ihis method is frequently called the Conipirative Mctlunl 
(sec the next section) Sometimes it is also called the Historical 
Method. But this name is so ambiguous that it is best to avoid 
It Mill applied it to a form of the Dcductive-Indiictive Method 
(see Chapter XXI). And not infrequently a problem is said to 
be treaM by the Histoncal Method nhen all that is meant is 
that an account is given of the different views on the problem pat 
forward by various investigators at different tiroes 
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continmty than is afforded by ordinary classifica 
tion. Sometimes, in fact, the real significance of th 
resemblances on which the usual classifications ar 
based, or to which they draw attention, is firsx 
brought out by the Evolutionary Method, which 
elaborates a mere table of similar classes into a 
genealogical tree, develops a merely static classifi- 
cation into a kinetic or phylogenetic scheme. Ihe 
various classes are then unified or connected very 
intimately by being shown to be phases or stages of 
one continuous process, or a system of intimately 
connected processes. 

The science which appears to have been the first 
to employ the Evolutionary Method is Comparative 
Philology, which used it already in the eighteenth 
century. The ground was prepared for its use in 
Comparative Philology, inasmuch as people were 
long familiar with the idea of the unity of mankind, 
and the existence of a common human language 
until tlie time of the Tower of Habel, since when that 
ancesttal tongue, it was believed, had developed 
into a variety of languages. It was, therefore, felt 
to be reasonably to compare the different languages 
in existence, and to attempt to trace the history of 
their evolution in the light of such similarities and 
differences as the comparisons disclosed. This very 
assumption of an historic development in the case 
of languages constituted the first requisite for 
the application of the Evolutionary Method in 
Comparative Philology. 

It was different with Comparative Anatomy. 1 he 
same Biblical, narrative which had facilitated the 
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application of the Evolutionary Method in Com- 
j)'iative Philology hindered its application in 
Comparative Anatomy. For it taught, or was 
supposed to teach, that the different kinds of 
animals had each been created separately, and were 
tlms distinct from one another in their origin. The 
similarities observed by the early anatomists were, 
consequently, regarded merely as interesting 
curiosities, and led no further until the lime of 
Darwin, whose Origin of Species is the classic 
application of the Evolutionary Method in Kiology, 
Only since the publication of this book has ( oinpara- 
tive Anatomy really become comparative in the 
sense of the Evolutionary Method. 

The Evolutionaiy Method is, then, applicable 
only to those classes of facts which can, tentatively 
at least, be regarded as the products of a piocess of 
development. It is the function of the method to 
indicate {a) the main steps or stages through which 
the development has probably taken place, and 
(b) the le^ison for the various changes constituting 
the several stages in the suggested line of develop- 
ment. When all the stages of the evolution of 
anything are known from direct observation and 
record (as in the case of many varieties of fruits, of 
pigeons, or the stages in the development of the 
bicycle), there is no occasion to apply the 
Evolutionary Method. It is only in cases where 
few of the earlier forms are known that the Evolu- 
tionary Method proceeds hypothetically to suggest 
a probable line of development. Thus, for example, 
in the case of the hoise we have no such detailed 
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knowledge of its descent from a iive-toed ancestor 
as we have of the varieties of pigeons descended 
from the wild wood-pigeon. Only a few of the 
alleged intermediate forms of the horse are known, 
and the Evolutionary Method, basing itself on such 
evidence, has put forward an hypothesis relating to 
the probable series of variations through which the 
horse, as we now know it, has passed. 

The whole theory of biological evolution rests on 
applications of the Evolutionary Method ; and all 
the phenomena to which the conception of evolution 
is applicable afford opportunities for the application 
of that method. The method can be applied, and 
is, indeed, being applied, not only to plants and to 
animals, to social customs and social institutions, 
to the human mind, to human ideas and ideals, but 
also to the evolution of geological strata, to the 
differentiation of the chemical elements, and to the 
history of the solar system. 

When searching for the gradations through which 
some product of evolution has passed, the correct 
thing, according to Darwin, is to look chiefly among 
kindred classes objects (animals, organs, etc.). 
But it is rarely possible to obtain sufficient evidence 
from a study of the nearest kindred only, and the 
investigator fc, therefore, frequently compelled to go 
farther and farther afield, among less and less 
kindred classes of objects, in search of missing links 
in the chain of evolution. Thus, for example, 
Darwin himself, when dealing with the development 
of the honeycomb of the hive-bee, kept close to 
kindred species,, but, when he traced the evolution 
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Trk Ancestors of hie IIoksb A^o iis relatives com- 
pared IN SIZE AND FORM WITH IHHIR TYPICAL MODERN 
REPRESFN r ATIVB. 

a. Hyracolhetium, or Protorohippus, of the Lower Eocene; 

b, Plagtolophus or Orohtppus, of the Middle Eocene; 

c. Mesohippus, of the Oligocene ; d. Merycktppus, of the 
Miocene; g. Phohtppus, of the Pliocene; /. 'Ihe Modern 
Horse, Equus caballus, domesticated breed (Lull, A met, 
J, vol. xxiii, p. 167). 
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of the eye of vertebrate animals, he vent far afield, 
referring to facetted eyes, eyes without a lens, and 
eyes which are mere collections of pigment cells. 
Similarly, the comparative psycliologist, when 
tracing the evolution of the human mind, does not 
confine himself to the primates, or higher apes, but 
seeks light also among the lower animals. 

As an example of the Evolutionary Method we 
may refer again to the development of the horse. 
The present-day horse is a large quadruped, has 
only one toe on each foot, a splint-bone on each side 
of the upper end of the cannon-bones, and so on. 
The fossil remains of quadrupeds now extinct have 
enabled zoologists to reconstruct the history or 
evolution of the horse, whicH the accompanying 
sketches may illustrate. In the Lower Eocene Age 
there existed a small kind of quadruped not larger 
than a fox, in some ways much simpler in structure 
than the modem horse, but having four toes on each 
foot. In Ohgocene times the descendants of these 
quadrupeds had only three toes on each foot, but 
were larger in body. In the course of time the 
middle one of the^three remaining toes gradually 
increased in size, and was alone used in walking and 
running, while the other two toes became smaller 
and smaller, eventually remaining merely as splint- 
bones. Concurrently with these and other changes, 
the body of the horse grew in size. More specula- 
tively, the history of the horse is carried a stage 
farther back to a still smaller ancestor that had five 
toes on each foot, and walked on the whole sole of its 
foot instead of on one toe only. 
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Skelbton of Fore feex of extinct Fore-runners of 
THE Horse: 

A. HyracotheHum (No. N. H. 65) ; B. Mesohippus (No. N H. 
63) ; C. Merychtppus, or Proiohtppus (No, N. H. 57) ; 
D. Htpparton (No N. H. 44). 

[Guide to the Horse Family, British Museum (Natural History).] 

K 
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§ 2. The Comparative Method. 

The term " Comparative Method " is frequently 
or even usually employed as synonymous with the 
term Evolutionary Method, explained in the fore- 
going section. This use of the term is, on the whole, 
warranted. It has come about in this way. Smne 
sciences have long been known as " Comparative 
Sciences " — Comparative Philology, Comparative 
Anatomy, Comparative Physiology, Comparative 
Psychology, Comparative Religion, etc. Now the 
method of these sciences came naturally to be 
described as the " Comparative Method," an 
abridged expression for " the Method of the Com- 
parative Sciences.” And when the method of most 
comparative sciences came to be directed more and 
more to the determination of evolutionary sequences, 
that is to say, became evolutionary in that sense, 
the term " Comparative Method ” came to mean 
what is now frequently described as the " Evolu- 
tionary Method." 

The method of the comparative sciences, however, 
was not always the Evolutionary Method, and is 
not 'always so wen now. And, in consequence of 
certain differences among sociologists and ethno- 
logists, tlie tendency is to distinguish between the 
Comparative Method and the Evolutioneiry Method, 
the latter term being employed in the sense 
explained in the previous section, while the former 
is given another meaning. The precise meamng of 
the term Comparative Method, when it is dis- 
tinguished from the Evolutionary Method, is not 
easily determined, as it appears to be tised somewhat 
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loosely and nebulously. To say that the Compara- 
tive Method is a method of comparison is not 
illuminating, for comparison is not a specific 
method, but something which enters as a factor 
into every scientific method. Classification 
obviously requires careful comparison ; and every 
other method of science depends upon a precise 
comparison of phenomena and the circumstances 
of their occurrence. All methods are, therefore, 
” comparative ” in a wide sense. How, then, does 
the term Comparative Method come to be used at 
all in a wide sense, as distinguished from its restricted 
meaning when it is regarded as synon3maous with 
Evolutionary Method ? 

The answer is to be found partly in the somewhat 
special or peculiar circumstances of Sociology, the 
science of social groups. The most familiar way of 
studymg a social group is that of the historian. 
Now, the historian gives a chronological account of 
individual social groups as such ; qtta historian it is 
not his business to compare a number of social 
groups with a view to generalizing about them. 
Sociology, however, being a science, and not a 
history, is concerned with the discovery of general 
truths relating to social groups. The sociologist, 
accordingly, does compare many social groups, to 
note their similarities and their differences ; he even 
studies what is known of extinct social groups, or of 
extinct customs and institutions. In ordn to stress 
the general character of his study (in crmtrast with 
the particiilar character of the strictly historical 
study of a social group), he describes his science as 
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a <:omparative study of social groups or institutions. 
Now, the comparison may lead to classification, the 
classification, for instance, of the main types of 
social structure, or of the principal forms of human 
marriage. It may lead to the application of the 
llethod of Agreement (see Chapter XIX, § 5) in order 
ro establish some causal connection, as, for example, 
when a comparison of the various circumstances 
mder which the practice of human sacrifice is met 
yith leads Professor Westermarck to the conclusion 
> hat the motive prompting it is that of life-insui ancc, 
based upon the idea of substitution. Or, again, the 
'comparison may lead to the application of th< 
foint Method of Agreement and Difference (see 
Chapter XIX, § 7), as, for instance, when Dr, Lowie 
tries to establish a coimection between the social 
•ystem of clan exogamy and the classificatory system 
of relationship. The other inductive methods may 
be similarly employed in consequence of such com- 
parisons. And sometimes the comparison of social 
institutions at different stages of culture may lead to 
the discovery of an evolutionary sequence or senes, 
and the application of the Evolutionary or Genetic 
Method. But, it is argued, the comparative study 
of any such phenomena is not necessarily bound 
up 'with the tracing of evolutionary devdopment. 
A comparative study of phemomena may be 
pursued by investigators who do not believe that 
the phenomena in question are the products of 
evolution, or who possibly do not believe in evolu- 
tion of any kind. Hence the need of differentia- 
ting between 'tito Comparative Method and the 
Evdlutionary Method. 
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The foregoing considerations may render intel- 
ligible the term Comparative Method as it is 
sometimes used. This usage, however, is not to 
be commended. For, according to it, the term 
Comparative Method is little more than a vague 
name for any scientific method. The main purpose 
of the sociologists concerned would be attained 
more accurately, and at least as effectively, if they 
simply distinguished between Special Sociology and 
General Sociology. This would correspond to the 
common distinction between, say, special anatomy 
(e.g. human anatomy), or special philology (e.g. 
English philology), on the one hand, and compara- 
tive anatomy, or comparative philology, on the 
other. In the so-called “comparative'' sciences 
the word “ comparative “ is probably too well 
established to be abandoned ; not so in Sociology. 
But even if the term “ Comparative “ Sociology 
should be used instead of General Sociology, 
there is no adequate reason for continuing to 
use the xather nebulous expression “Comparative 
Method,'’ irntead of specifying the precise methods 
intended, such as that of Classification, Agree- 
ment, etc. 

Generally speaking, in so far as the comparative 
study of biological phenomena docs not end in 
classification, the observation of similarities does not 
really explain them, but rather calls for an explana- 
tion. For example, the resemblances observed by 
early biologists (for instance, Belon, in his Book of 
Birds, 1555) between the bones of man and the bones 
of birds, constituted a problem, rather than an 
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explanation. And one possible way of solving such 
a problem is by establishing a genetic relationship, 
or kinship, between the similar phenomena. In 
that way the Evolutionary Method finds a natural 
place among the methods of the comparative 
sciences. 


§ 3. Method, Hypothesis, Working Idea, Theory. 

The formulation of an evolutionary method may 
cause perplexity to some people. They are familiar, 
more or less, with an evolutionary hypothesis, or 
with a theory of evolution, they may say, but as to 
an evolutionary method, why the very suggestion 
seems to be the result of a confusion between hypo- 
thesis or theory, on the one hand, and of method on 
the other. It may, therefore, be worth while 
indicating briefly the main distinctions between 
these terms, in order to prevent, or to remove, 
unnecessary perplexities. 

A scientific hypothesis, as already explained, is a 
very definite suggestion or supposition concerning 
the relation between certain phenomena ; and it is 
so definite that it can be confirmed, or else confuted, 
by .^definite observations. But at ther back of 
hypotheses there are always certain vague working 
ideas or assumptions which cannot be so confirmed or 
confuted, but which prompt all h3T)otheses of a 
certain kind, and without which such hypotheses 
would never come into being. Now a method is 
a kind of proceduie with the aid of which the vague 
working idea or assumption takes definite shape 
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as an hypothesb, and by which the h3rpothesis is 
tested. An example may make this dear. The 
belief in the causal connection of physical pheno- 
mena is a vague working idea whidi, as such, is 
incapable of confirmation or of confutation. On the 
other hand, the suggestion first made in the seven- 
teenth century, that air is a causal condition of 
combustion, was a definite hypothesis, which was 
definitely confirmed by certain familiar experiments. 
The experiments followed the method of difference, 
showing that under otherwise similar conditions 
combustion took place when air was present, but 
did not take place when air was absent. Now it is 
under the influence of the general assumption that 
there are such things as causal connections that 
there originated the definite hypothesis of a causal 
connection between air and combustion, and the 
method of difference was the way in which the 
definite hypothesis may have been suggested, and 
certainly was tested. In the same kind of way the 
vague general assumption that there is such a thing 
as evolution prompts various definite hypotheses 
relating to evolutionary connections between specific 
kinds of objects (such as different kinds of eyes, 
from mere pigment cells upwards, or different kinds 
of skulls, or of implements, etc.), and the evolu- 
tionary method is the way by which the vaguely 
general working idea of evolution passes into, and 
tests, definite evolutionary hypotheses concerning 
certain specific series of facts. The working idea is 
one thing, the hypothesis is another, and the method 
is yet a third thing Mutatis muiandis these dis- 
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tinctions may also be illustrated by reference to the 
method of classification, and, in fact, to every other 
method of science. 

Again, the term theory is used in a variety of senses. 
Sometimes when people speak of the theory of 
evolution all that they mean is the general working 
idea or assumption; sometimes they mean some 
definite evolutionary hypothesis, namely, that of the 
evolution of man from non-human ancestry; and 
sometimes they mean theory in the sense used in 
this book, namely, a comprehensive generalization 
based on a number of less comprehensive genera- 
lizations already confirmed. In the last sense of 
the term theory, the theory of evolution means the 
comprehensive generalization that there is evolution 
throughout the animal, or even the organic, king- 
dom, and it is assumed that this comprehensive 
generalization is an induction based on more re- 
stricted evolutionary inductions such as were illus- 
trated above, Such a theory is, of course, the 
strongest confirmation possible of a working idea 
or assumption. But the mere working idea and the 
theory are different tok) cedo. To identify them would 
be to identify the beginning with the end, or the 
highly finished and polished product with its crudest 
beginnings. And the working idea or assumption, 
just oecause of its relative vagueness, is always 
ahead not only of definite hypotheses proceeding 
from it, but also ahead of comprehensive theories 
resulting from such hypotheses. One need only 
think, for example, of the working idea of evolution 
as extended tentatively be>und the confines of the 
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animal kingdom, or of the working assumption of 
causality as applied in all sorts of directions. 

Such working ideas when they are of an ultimate 
character are usually desciibed as pnnapUs or 
posttUaUs. 
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THE SIMPLER INDUCTIVE METHODS 

§ I. Clarification and Law, 

The scientific search for general truths is satisfied 
in some measure by the discovery of natural classes 
through the Method of Classification, and by ascer- 
taining evolutionary sequences with the aid of the 
Evolutionary Method. In the former case, we 
discover certain uniformities of co-existence among 
the groups of essential characteristics of the several 
natural classes. In the latter case, we discover 
certain uniformities of sequence among various 
complex phenomena, which follow one another as 
successive phases or stages of an evolutionary 
process. On the strength of our knowledge of a 
uniformity of co-existence among the attributes of 
a class, it is possible to infer from the presence of 
some class-characteristics in an object (e.g. the 
frontal horns and the hoofs of a quadruped) also the 
presence of certain other characteristics (e.g. the 
possession of a ruminant stomach, and graminivorous 
habits >) ; and on the strength of our knowledge of 
a uniformity of sequence among the stages of the 
evolution of certain {^enomena, one might anticipate 
the coming of a subsequent stage from the obser\’a- 
tion of an earlier one, or imaginatively interpolate 
something between two known stages. 

' There is a ston that the devil once came to Cuvier, the 
.amous zoologist, an I threatened to cat him up The z>x>logist 
looked the devil up and down, and replied : “ You can't I You 
have horns and hoofs I Go and eat giasn ; you can’t eat me I " 
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But such uniformities as the foregoing are for the 
most part only empirical, and not altogether satis- 
factory. Science looks as far as possible for what 
can be more or lea* adequately proved. Even the 
relative values of difieroit classifications will be 
assessed according to their usefulness for real 
inductions. Now aU the proofs of general truths 
take one of two forms. One of them is the type 
with which we are familiar from geometry, where it 
can be shown by sheer intuition, or by deductive 
reasoning from intuition, that certain attributes 
must be present where certain other attributes are 
present ; but the fundamental uniformities of 
natural science cannot be established in that way. 
The other method of proving uniformities is by 
ascertaining either the direct or indirect causal 
connection between the terms of the uniform 
relationship. In both forms of proof we try to 
establish relations between conditions and con- 
sequents ; only in Mathematics (also in Logic) we 
are concerned with rational conditions (or reasons) 
and consequents, while in natural science we are 
concerned with physical conditions and results (in 
psychology with psychical conditions and results 
which are intimately connected with physical or 
physiological conditions and results). 

The world, as we see it, is a vast complex oi 
incessantly changing things, which the human mind 
endeavours to grasp by mentally, and sometimes 
also physically, analysing into simpler constituents, 
and ascertaining the laws or regularities of their 
connections, or their correlations, if there be such. 
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The facts themselves do not manifest their njin...'’te 
relations with one another. We can only solve thi 
riddle, if at all, by surmising what the relations mat 
be. Such surmises are only fruitful when they hav< 
been preceded by close observation of the facts an( 
are followed up by a still more searching observation 
and (where possible) experimentation. 

§ 2. The Five Canons or Methods of Induction. 

The kinds of observations by which the man of 
science is led to surmise a real connection between 
certain facts, and the kinds of observation by which 
he then proceeds to test his surmise, or hypothesis, 
are often very similar. Their general character has 
been formulated in the five so-called Canons of 
Induction. These are not the only methods of 
ascertaining laws, or uniformities, or regularities 
among the phenomena of Nature. We have already 
described two other methods of doing so, and yet 
other methods will be explained in due course. 
But the five canons or methods of induction are 
important all the same. 

The principle underl}dng these canons is this. If, 
other things remaining essentially the same, a 
certain factor or circumstance cannot be omitted, 
or quantitatively changed, without changing a 
certain phenomenon, then that factor, or circum- 
stance, is a condition of that phenomenon, or. m 
other words, is intimately connected with it. 
\ssuming, as we generally do, that things and 
events are not merely a matter of chance, but are 
the results of of'crative conditions, we examine 
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instances of the phenomenon, in which we are 
interested, voider sufficiently varied circ umstan ces 
to enable us to detect what it is that cannot be 
removed or altered without removing or altering the 
phenomenon in question. Not that the presence of 
an element of chance in the universe is to be ruled 
out ab initio. We shall return to this point in due 
course. But it is order and regularity that have 
helped man most in his struggle for existence. It is 
order also that satisfies most the rational tendency 
and the aesthetic sense of man. So we naturally 
look for order first, and only reluctantly relinquish 
our search for it when we are baffled in our quest. 

Now the process of aiscertaining what is indis- 
pensable to a certain phenomenon may assume one 
of two forms, a direct form and an indirect one. In 
the direct form it is shown by observation or 
experiment that (a) the elimination, or ( 6 ) the 
quamtitative vauiation of a certain factor or ante- 
cedent is followed by («) the elimination, or \b) the 
quamtitative variation of the phenomenon vmder 
investigation, although all other relevant factors 
have remained the saune. In the indirect form of 
the inductive process it is shown that, so long as a 
certain antecedent remaiins operative, no change in 
any of the other relevant circumstances makes 
any material difference to the phenomenon under 
investigation, which must, therefore, be intimately 
connected with the constant antecedent. The first 
type of the direct form is known as the Method of 
Difference, the second type of the same form is 
called the Method of Concomitant Variations. The 
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indirect form is known as the Method of Agk cement. 
Of the two remaining Canons or Methods, one is 
known as the Method of Residues, and is really a 
slight modification of the Method of Difference, 
while the other is known as the Joint Method of 
Agreement and Difference (also as the Method of 
Exclusion, or as the Double Method of Agreement), 
and is a kind of approximation to the Method of 
Difference, secured by supplementing the Method of 
Agreement in certain directions. 

The several inductive methods have different 
degrees of cogency. The Methods of Difference and 
of Concomitant Variations are the most conclusive. 
But even these methods cannot always be applied 
rigorously. When, as sometimes happens, the 
phenomena under investigation are not sufficiently 
under the control of the investigator, he may not be 
able to secure the precise kinds of instances required 
for the strict application of these methods. But, in 
science, as in life generally, if one cannot conunand 
the best means, one tries the next best, and so on. 
In such cases, one usually endeavours to strengthen 
the result of the less^trict application of one induc- 
tive method by the application of some of the other 
inductive methods as well, sometimes even by 
resorting to deductive reasoning from the nature of 
the case. The separate exposition of the several 
inductive methods must not be taken to imply that 
each of them is usually, or should be, employed 
alone. They are frequently employed in conjunc- 
tion ; and in thdr less cogent forms it is not always 
easy to distinguish one Ironi another, say, the 
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Method of Difierence from that of Concomitant 
Variations or from the Joint Method. 

§ 3. The Method of Difference. 

If two sets of circumstances are alike in all 
relevant respects except that in one of them (called 
the Positive Instance) a certain antecedent is 
present and also a certain consequent, while in the 
other (called the Negative Instance) both are absent, 
then that antecedent and that consequent are 
related as condition and consequent, that is to say, 
that consequent will always follow that condition. 
Symbolically, if antecedents a,b,c,d are followed by 
consequents w,x,y,z, while when d is absent the 
antecedents a,b,c are not followed by z, then d is 
a condition of z. 

a b c d . . . ^ ab c . . . d 

' ' ; ' — V ' ; therefore 1 

w xy z . . . wxy . . . z 

For example, suppose a piece of litmus paper when 
dipped into acid turns red at once, while another 
exactly similar piece of litmus paper not dipped 
into acid (but dipped, say, into water or some other 
liquid) does not turn red, then the acid is a condition 
of its turning red. Again, suppose a surface exposed 
to the air, and having the same temperature as the 
air, is dry, while as soon as the temperature of the 
surface falls belour that of the air, then, although 

■ The dots after the symbols (throughout this Chapter) are in- 
tended to make clear that there are other antecedent, and other 
consequents also present, which, however, are not considered 
relevant to the problem. 
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the remaining circumstances remain the same, 
condensation of moisture takes place on that 
surface, in that case the lower temperature will be 
regarded as a condition of the condensation. 
Similarly, if a healthy animal is inoculated with the 
blood of another animal suficring from anthrax 
(splenic fever) and contracts the disease, then the 
inoculation will be regarded as a condition of the 
infection. Or, again, if a freshwater cra5dish, 
having its antennules (small feelers) intact, retreats 
from strong odours, while another, bereft of them, 
does not react to strong odours at all, then it may 
be inferred that the antennules are the seat of the 
organ of smell. 

To secure the requirement that only one relevant 
circumstance should distinguish the two cases 
compaa'ed, it is often necessary to use technical 
aids. In some cases indeed one could not determine 
at all the actual influence of one of the factors 
without technical aid. For example, the weight of 
air, the influence of air on moving bodies, its 
function in breathing, burning, and rusting, could 
not be ascertained at all without the aid of an 
air-pump. What the air-pump does, however, is to 
procure for us the requisite kind of in->tances about 
which we can reason satisfactorily, on the lines of 
one or other of these Inductive Methods. In 
simpler cases we can secure the right instances, to 
reason about on similar lines, without the aid of 
technical devices. 

The Method of Difference assumes various forms 
according to cireum,stances. Sometimes the two 
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instances compared are really two successive states 
of the same set of circumstances, to which something 
is added to obtain the Positive Instance, or from 
which something is withdrawn to obtain the Negative 
Instance. On the other hand, the two instances are 
trequently separate and distinct instances, though 
similar in all essentials but one. And sometimes, 
again, the instances compared are not single 
instances, but are groups of instances, each group 
being treated more or less as a single instance. The 
following example may illustrate the group-form of 
the Method of Difference. When Pasteur tested the 
efficacy of preventive vaccination against anthrax, 
which he thought he had discovered, he first vac- 
cinated twenty-five sheep with a mild preparation 
of the serum, and, when they had recovered, he 
vaccinated them again, and also twenty-five other 
sheep, which had not been vaccinated before, with 
a strong preparation of the serum. The twenty-five 
sheep wliich had undergone the preparatory vaccina- 
tion survived, while the others all perished. This 
showed that the preparatory vaccination had acted 
as a protection. The two instances, in this case, 
were not single sheep but two groups of twenty-five 
sheep in each, and the result was all the more 
conclusive, for it is easier to secure essential 
similarity between two groups, as groups, than 
between two individuals. 

In this, as in every other, form of the Method of 
Difference, it is most important that the twro 
instances should be as like as possible in all essentials 
except the difference under investigation. The 

o 
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neglect of this condition (sometimes called the 
fallacy of non ceteris paribus) easily leads to the 
mistaken attribution of a result to the wrong 
circumstance or antecedent (the fallacy of cum or 
post hoc ergo propter hoc). The following example 
may serve as a warning. In a certain hospital in 
Dublin it was observed that there was a higher rate 
of mortality among the patients lying in the wards 
on the ground floor than among those lymg in the 
wards on the upper floors. It was, accordingly, 
concluded that the ground floor was less healthy 
than the upper floors. Subsequently, however, it 
was ascertained that the hospital porter had been in 
the habit of placing in the wards on the ground 
floor all patients who were too ill to walk, while 
those who could walk were taken to the wards on 
the upper floors. 

One of the most important precautions which 
must be taken in connection with the application of 
the Method of Difference is this. The introduction 
of the new factor (" d ” in the above symbols) must 
be so managed that it does not alter in any way in 
the process of beigg introduced. Delay is some- 
times fatal in this respect. For example, in the 
course of some experiments in connection with 
anthrax, two French professors obtained some 
blood from an animal that had suffered from the 
disease, and they injected some rabbits ivith it. 
The rabbits died rapidly, but did not develop the 
parasites of anthrax. The French professors there- 
upon thought that they had disproved the view of 
Pasteur that anthrax could be communicated in 
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that way. It turned out, however, that an interval 
of about twenty-four hours had elapsed between the 
drawing of the blood from the diseased a nima l and 
its injection in the healthy rabbits, and in the 
meantime the blood had putrified, so that when 
injected it set up a form of blood poisoning, which 
killed the rabbits so quickly that the anthrax 
I>arasites had no time to multiply sufficiently to 
manifest themselves. 

§ 4. The Method of Concomitant Variations. 

If an antecedent and a consequent vary con- 
comitantly although no other relevant circumstance 
has changed, then that antecedent is a condition 
of that consequent. S5mibolically : — 

a b c .. . a o c d^ , . . abed... 

V ^ J V , < ^ 1 J 

w X y .. . w X y z^ .. . w x y z^ . . . 

[or briefly, z ^ f (d), i.e. ar is a function of d] 
d 

therefore i • 

z 

The Method of Concomitant Variations is closely 
related to the Method of Diflerence, and can easily 
be expressed in a symbolic form very similar to that 
of the latter. Let the quantitatively variable 
antecedent in two instances be represented (as 
above) by and d^ respectivdy, and the quanti- 
tdtivdy variable consequent by z, and z, 
respectively, then d^ — d^ + (d^ — dj, and 
similarly «= z, -1- (z, — zj. The two instances 
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can accordingly be symbolized, one as a positive 
instance, the other as a negative instance, thus : — 
ab c d^-\- {d^ — . . . abed,... 

y / : » , » ; 


w z, + (*, — . . . w xy z,. . . 

- i,) 

th^efore ' — « — ', or the quantitative diiierence 
(*. - 


in the antecedent d is connected with the quanti- 
tative difference in the consequent z. (Compare 
the symbolic form in §3 above.) 

The two methods are, of course, not quite the 
same, even so. In the Method of Difference it is 
shown that the presence of a certain antecedent is 
connected with the presence of a certain consequent ; 
in the Method of Concomitant Variations it is shown 
*that a certain quantitative difference in a given ante- 
cedent is connected with a certain quantitative 
difference in the consequent. But the difference 
between the two methods is not always important. 

The tendency of modem science to be quantita- 
tively exact has given special importance to the 
Method of Concomitant Variations. Over and 
above its specif function to show that there is a 
connection between certain phenomena in the study 
of which the other inductive methods are not so 
helpful, the Method of Concomitant Variations is 
also applied in alL possible cases just to ascertain 
the quantitative correlation between phenomena, 
even though their connection is not under considera- 
tion — either because the connection as such has 
already been established, or because it is not believed 
that there is ahy direct connecti<m between the 
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phenomena in question. This use of the method is 
usually described as quaniitative induction, in 
contrast with qwditative induction, which merely 
seeks to ascertain (by means of any of the inductive 
methods) whether there is any connection at all 
between certain phenomena, without determining 
their precise quantitative co-variation. As examples 
of quantitative induction we may refer to the 
experiments by which the coefficient of expansion 
of various substances is determined, or the 
coefficient of absorption and emission of heat, or 
the relation between the amount of the radiation 
and the temperature of bodies, or the mechanical 
equivalent of heat, or the refractive index of a 
transparent medium, or the relation between the 
electric current passing through a conductor and the 
electric pressure between its ends, and so on. Most, 
or all, statistical correlations also belong here. 

The Concomitant Variation may be direct or 
inverse. It is said to be dirut when the antecedent 
and the consequent increase together, and diminish 
together. It is said to be inverse when one of them 
diminishes as the other increases. Thus the 
temperature and the volume of a gas (the pressure 
remaining constant) are an instance of direct 
concomitant variation, while the pressure and the 
volume of a gas (the temperature remaining 
constant) are an example of inverse concomitant 
variation. Some phenomena exhibit direct and 
inverse variations at different stages. For example, 
the temperature and the volume of water show 
direct concomitant variation between 4* C and 
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loo^C., but inverse concomitant variation be- 
tween o* C. and 4^ C. Moreover, the same con- 
sequent may be connected with two conditions 
and vary directly with one of them, and inversely 
with the other. For instance, the gravitation 
between bodies varies directly with their masses and 
inversely with their distances from one anothei. 

Again, as the last example suggests, the con- 
comitant variation (whether direct or inverse) may 
be simply proportionate, or highly complex. For 
instance, gravitation varies in simple proportion to 
the multiple of the masses of the bodies, biit it 
varies inversely with the scjuare of their distances. 
In some cases the concomitant variation requires a 
very complicated formula for its expression, and in 
some instances the concomitant variations are so 
complex that the correct formulae fof them have not 
yet been discovered. \ 

The Method of Concomitant Variations is 
applicable in some cases in which the Method of 
DifEerence is impracticable, namely, in adl cases in 
which the conditions studied can be varied in 
quantity, or intensity, but cannot be eliminated 
altogether. This applies to heat and gravitation, 
neither of which can be completely eliminated from 
material bodies. It is also true of the friction of 
moving bodies, since no case is known of frictionless 
motion. Since the amoimt of friction can be varied 
enormously, and it is found that the period of 
motion of a body varies inversely with the amount 
of friction which it encounters, we conclude that, in 
the limiting. caM, if friction could be eliminated 
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altogether, then a body once in motion would 
continue to move indefinitely. Thus the first law 
of motion really rests on the Method of Concomitant 
Variations. 

The foUowiag is an interesting instance of the 
application of the Method of Concomitant Varia- 
tions. During the cholera epidemics in London in 
1849 and in 1854 about a fifth of the population of 
London was supplied with water by the Lambeth 
Water Company and the Southwark Water 
Company. In 1849 both companies obtained their 
water from the same part of the Thames, so that 
the water supplied by both companies was equaUy 
polluted. The number of deaths from cholera per 
10,000 of the population in the area serveii by the 
Lambeth Company was 125, and in the area served 
by the Southwau-k Company it was 118, that is, 
nearly the same. In 1854 the Lambeth Company 
drew its water much higher up the river, where the 
water was far less polluted, while the Southwark 
Company retained its old intake. The mortality 
rate from cholera per 10,000 of the population in the 
area served by the Lambeth Company fell to 37, 
while in the area served by the Southwark Com- 
pany it rose to 130. Evidently the contaminated 
drinking-water was one of the conditions of the 
cholera mortality. But polluted drinking-water is 
something complex calling for further analysis, and 
subsequent investigation revealed what specific 
form of water-contamination was connected with 
cholera. It is not at all uncommon in the history 
of science that the condition of some phenomenon 
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is first tracked to a complex antecedent from which 
the real condition is then fetched out, as it were, 
from its hiding-place by a closer scrutiny, that is, by 
more careful analysis. 

In the application of this, or any other, inductive 
method, inadequate analysis of circumstances may 
easily mislead one to attribute a result to the wrong 
antecedent, as the following case may illustrate. 
Dr. W. Farr, an early investigator of the epidemics 
of cholera referred to in the preceding paragraph, 
discovered an inverse concomitant variation be- 
tween the number of deaths from cholera per 10,000 
inhabitants and* the elevation of the district in 
which they resided. The following table gives his 
data : — 


Elevation of District 
tn feet. 

Under 20 
20 - 40 

40 - ^ 

^ - 80 
80 - 100 
100 •> 120 
340 - 360 ^ 


Cholera Deaths 
per 10,000 inhabitants 
102 

65 

34 

27 

22 

17 

7 


He concluded, accordingly, that " the elevation of 
the soil in London has a more constant relation with 
the mortality from cholera than any other known 
element.” Now, Dr. Farr was on the right scent— 
he was, so to say, getting near the hiding-place of 
one of nature's secrets. The really important 
factor, as explained in the foregoing account of the 
matter, was a specific pollution of the drinking- 
water. But at that -time London was, to a large 
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extent, supplied with water from surface-wells. 
Now, wells at or about the river level had their 
waters more polluted than those at a higher level. 
Moreover, the lower-lying districts of London were 
more densely populated, and consequently more 
exposed to infection. 


§5. The Method of Agreement. 

If several instances of the occurrence of a plu-no- 
menon have one relevant antecedent in com ik , 
then that common antecedent is a condition of that 
phenomenon. Symbolically ; — 

abed... h dfg . . . dfkl... d 

' , ' : ' V/ ' ; ' -v ' ; therefore 1 

w X y z . . . X z s i . . . z s p r . . . z 

If dew is deposited on a number of surfaces which 
are different in all relevant respects except that 
their temperature is below that of the surrounding 
atmosphere, then the lower temperature is a condi- 
tion of the deposit of dew. Take another example. 
Brewster took impressions from a piece of mother- 
of-pearl in a cement of resin and beeswax, in balsam, 
in fusible metal, in lead, in gumarabic, in isinglass, 
etc. In all cases the same iridescent colour 
appeared. But the only cliaracter which these 

substances had in common was the form of the 

surface produced by the impression of the piece of 
mother-of-pearl. Hence that form of surface must 
be a condition of the iridescent colour. 

No scientific, or other, method is fool-proof, and 
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the Method of Agreement is perhaps least so. In 
the absence of an adequate analysis of cirpnmstances, 
even in spite of the most scrupulous caution, mis- 
takes are easily committed. One mi^t conceivably 
argue that since different drugs, which had proved 
fatal, appeared to have nothing in common except 
water, or moisture, therefore water is poisonous. 
But the absurdity of this is too transparent. It is 
different when the common antecedent is something 
complex, and insufficiently analysed and understood 
at first. For example, at one time the presence of 
marshes was regarded as the common condition of 
epidemics of malaria. This was really the clue to 
the subsequent discovery that mosquitoes (which 
abound in marshy regions) are the carriers of 
malaria. For the rest, the chief dangers to which 
the Method of Agreement is exposed are : (a) that 
a relevant circumstance may be overlooked ; (b) that 
consequents not precisely alike, except perhaps for 
practical purposes, may be treated as essentially 
similar, and assigned to a common circumstance, 
which is not the condition at all (for instance, the 
above example plating to drugs) ; (c) that the 
antecedent and consequent may both be the conse- 
quents of the same condition, or set of conditions, 
as is the case, for example, with the sequence of day 
and night, or the sequence of the phases of the moon, 
or the sequence of the seasons of the year — day is 
not a condition of night, or vice versa, but the whole 
sequence of day and night is conditioned by the 
rotation of the earth, and similarly with the other 
sequences just mentioned. 
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§ 6. The Method of Residues. 

If part of a complex result can be accounted for 
by certain antecedents which are known to have 
been operative, ar <! the nature of whose consequents 
is alreadj' known as the result of previous investi* 
gations, then the residue of the complex result must 
be due to the remaining operative condition or 
conditions. Symbolically : — 

abed... Va he .. .~\ d 

' V ' ; ' , ' I ; therefore 1 . 

w X y z . . . I a» * y . . . J x 

Sometimes such other conditions are already 
known to be present and it is only a matter of 
determining their precise effects. More often their 
presence is not even suspected until the residual 
phenomena compel one to search for them. For 
example, the weight of coal in a truck may be 
determined as a residual phenomenon if one knows 
the net weight of the empty truck and deducts it 
from the gross weight of the loaded truck. Or the 
resistance of the air on the trajectory of a bullet 
may be determined by observing the deviation of 
its actual trajectory from that which could be 
accounted for by the value and direction of the 
propelling force and the force of gravitation. In 
both these examples the presence of the residual 
condition is known, only its weight, or influence, 
has to be determined. In other cases, and these are 
the most important cases, it is different. Thus, for 
example, the existence of argon was not suspected 
until the residual density of atmospheric nitrogen 
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(that is, nitrogen obtained from the atmospneic 
removing impurities, moisture, oxygen, etc.) in 
comparison with chemical nitrogen (that is, nitrogen 
prepared from nitrous oxide, or nitric oxide, etc.) 
was observed. Similarly the existence of the 
planet Neptune was nbt thought of until the 
residual deviation in the orbit of Uranus made 
astronomers look for it. Nor was the velocity of light 
known, or surmised, until attention was directed 
to it by the (residual) difference in tnc observed 
periods between successive eclipses of Jupiln’s 
satellites, according as the earth in its orbital motion 
was moving towards or away from Jupiter. 

§ 7. The Joint Method of Agreement and Difference. 

If a group of several instances in which a pheno- 
menon occurs have nothing relevant in common 
except a certain antecedent, while another group of 
similar instances in which the phenomenon does not 
occur have nothing relevant in common except the 
absence of that antecedent, then that antecedent is 
a condition of that phenomenon. S3nnbolically : — 

abed... 

Positive group : ' v * ; 

w xy X . . . 

bof ... 

Negative group : ' — » — ' ; 

»y X . . . 

d 

therefore I • 

jr 

For example, Lord Avebury found that various 
insects differing in many respects but all having 


bdfg... dfhl...\ 

~ ~ ' r ' t T 

X z s t . . . z s p r . . . 



xip . . . yrw..m 
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compound ^es can see at a distance, whereas other 
insects having ocelli, but not compound 
cannot see at a , distance. He concluded, 
accordingly, that compound eyes are a condition 
of distant vision. Another example. Darwin 
observed that many plots of land containing all 
of them plenty of earth-worms, although otherwise 
very different in character, became covered 
increasingly with vegetable mould, whereas, on the 
other hand, many plots of land not essentially 
unlike the former plots as a whole, but deficient in 
earth-worms, did not get covered with vegetable 
mould. He therefore concluded that the vegetable 
mould is due to the agency of earth-worms. 

It should be observed that the positive and 
negative instances which are sufficient for the 
application of the Joint Method are not such as 
would make it possible to employ the Method of 
Difference. There may be no negative instance 
sufficiently similar to any of the positive instances 
to meet the requirements of the latter method. All 
that can be said is that if the whole group of positive 
instances is regarded as though it lyere one positive 
instance, and if the whole group of negative instances 
is regarded as though it constituted one negative 
instance, then the Joint Method appears as an 
approximation to the group-form of the Method of 
Differ uce. 


§ 8. Relevance. 

The application of the simpler inductive methods, 
and, tac the matter of that, even of other methods. 
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is only possible in so far as the vast majority of 
antecedents or accompaniments of the phenomenon 
investigated can be ignored as irrelevant to the 
study of the phenomenon in question. Certain 
philosophers who took Mill’s formulations of the 
canons of induction too literally, and rather unin- 
teUigently, had no difficulty in pointing out the 
impos^bility of the application of these canons to 
the actual phenomena of our infinitely complex 
world. And in our formulation of the inductive 
methods the word relevant pla}^ an important part. 
The question naturally arises as to how it can be 
known whether any antecedent or accompaniment 
is relevant or irrelevant. 

The answer is that it is impossible to indicate 
any definite and reliable mark of relevance or of 
ixrdlevance among the antecedents or accompani- 
ments of any phenomenon that may be investigated. 
The fact is that in every kind of investigation 
conunon sense, previous knowledge of kindred 
phenomena, and some originality, and spirit of 
adventure are indispensable. The study o’* logic 
and scientific metho3 is a supplement to, not a 
substitute for, conunon sense, to say nothin.' abox'. 
the other requisites indicated. Unfortunately then- 
are lots of people, even writers, whose sense of 
rdtevance is not well developed. Not only the daUy 
press but lots of books on philosophy, and even on 
logic, betray this defect. All one can do in a short 
q;>ace is just to indicate briefly how investigators 
generally {sroceed in discnminating betwera what is 
relevant and udiat is i^elevant to their investi^ticm 
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The most important clue is previous knowledge. 
Those antecedents and accompaniments whose effects 
are already known, and are known to be different 
from the phenomenon under investigation, are 
usually dismissed as irrelevant, unless there is some 
primd facie ground for regarding them as influencing 
the phenomenon under investigation in some measure 
by way of resistance or of modification. Our know- 
ledge of what is relevant, like all other human 
knowledge, can only be developed and confirmed by 
more knowledge 

Another factor involved is almost too nebulous 
or vague for precise description, yet, as every 
investigator knows, it is a very real influence. I 
mean just the vague feeling or intuition that certain 
things are relevant, while others are not. This 
feeling "in our marrow," to use a fairly familiar 
phrase, is probably itself to a large extent the out- 
come of previous experience which has not yet 
unfolded as explicit thought. Unfortunately it is 
also apt to be wrong sometimes But so it is, and 
the wise man makes the best of things, and wastes 
no tears over the absence of sure signs, or of fool-proof 
methods. 
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THE STATISTICAL METHOD 

§ I. The Method of Simple Enumeration and Exact 
Enumeration. 

The Inductive Methods described in the preceding 
chapter can only be applied fruitfully where the 
facts investigated can be analysed adequately, and 
examined under sufficiently varied conditions. This 
is equally true of the more advanced methods which 
will be considered later. Now these requirements 
cannot always be satisfied. The facts investigated 
may be too complicated for adequate analysis, and 
may not be observable under sufficiently varied 
circumstances. In such cases it is impossible to 
ascertain with coniidence the thread of connection 
between conditions and consequents by means of 
the above-mentioned inductive methods. The kind 
of facts here considered may be indicated by 
reference to meteorological, economic, social, 
medical and various biological problems. 

Popular thou^t, impelled by practical needs and 
by its proverbial incapacity to suspend judgment, 
resorts in such cases to what is known as the 
Method of Simple Enumeration. That is to say, 
the concurrence or sequence of certain attributes, 
or circumstances, or events is noted, and, if a 
concurrence or sequ^ce is observed a considerable 
number of times, it will be assumed that the facts 
or events in question are connected with one another 
as condition ‘and consequoit, or, to use a more 
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popular mode of expression, as cause and effect. 
Popularly this method, such as it is, is empl<^ed 
even in cases where more satisfactory methods 
might be applied. No attempt is usually made to 
observe sufficiently varied instances of concurrence 
or of sequence (as is required, for example, for the 
application of the Method of Agreement), nor, as a 
rule, is attention paid to exceptions. It is only 
called a method by courtesy. It is a loose habit of 
mind rather than a scientific method. Its useless- 
ness is attested by many popular fallacies and 
superstitions. A full moon is commonly believed 
to bring fine weather, because the two have often 
been observed together ; it is, of course, on fine 
nights only that the average person takes cognisance 
of the full moon, and he does not think of ascer> 
taining if the u'eather is not also bad sometimes 
when there is a full moon. Similarly, many other- 
wise intelligent people still stand in awe of the 
number 13, which private hosts, as well as hotel 
managers, carefully avoid. 

Now, the scientific method, which is usually 
employed in such complex cases eis are not amenable 
to the other inductive methods, is the Statistical 
Method. We have already made our first, though 
slight, acquaintance vdth this method as an 
auxiliary to the Method of Classification, namely, as 
an aid to adequate description in certain types of 
cases (see Chapter XVII, §3). It may be used 
amilarly as a descriptive auxUiaxy to the Evolu- 
tionaiy Method. Indeed, much of the material 
examined in ceanection with proldans of blolaffleal 
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evolution has been, and is being, classihed and 
tabulated in accordance with Statistical Methods. 
But the most important use of the Statistical 
Method is as an independent scientific method for 
ascertaining connections, or laws, and regularities. 
Like the Method of Simple Enumeration, it notes 
concurrences ; but, unlike it, it is careful also to 
note and record exceptions, to make observations 
over as large and varied a field as possible, and then 
to proceed cautiously to interpret the whole of the 
observations made and recorded. 

§ 2. Statistical Processes. 

Scientific investigation is always concerned with 
the discovery of the relationship between two or 
more attributes or variables. By an " attribute ” 
is here meant anything the bare presence or absence 
of which can be noted and counted, but which is not 
otherwise measufable ; by a " variable ’* is here 
meant an3dhing that has a magnitude that is 
measurable, and which may be present in different 
magnitudes. The Statistical Method seeks td 
discover whatevc^ regularity might subsist between 
two or more attributes, or two or more variables. 
Now the concurrence of two or more attributes, or 
the correspondence of two or more variables, may 
be merely a chance coincidence, or it may be the 
result of some direct or indirect connection between 
them. By observing only one instance, or a small 
number of instancy, of the concurrence or the 
correspondence, and that under conditions beyond 
our control, and* under circumstances not adequate 
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known, it may be impossible to distinguish between 
a casual and a causal concurrence or correspondence 
But the observation of a large number of 
taken from a wide range, and an exact enumeration 
of both positive and negative cases, and of vaTia> 
tions between series of cases, may enable us to 
draw a highly probable ccmclusion about the 
connection between the phenomena in question. 
Such procedure, based on exact enumeration, is of 
the essence of the Statistical Method. 

Theapiocesses or stages involved in a complete 
application of the Statistical Method may be 
described as follows : — 

(a) CoUectioH of Material. The facts or data 
under investigation, or, more usually, adequate 
samples of them, are observed, counted or measured, 
and described in a way relevant to the problem in 
hand. The measurements and descriptions must 
obviously be sufficiently accurate, if they are to be 
of value, but the degree of precision required will 
vary Muth different investigations. To avoid one- 
sidedness, it is desirable that the facts should be 
collected from as wide and varied a field as possible. 
In some statistical inquiries the data are collected 
by means of questionnaires, sometimes of an official 
character (like the census.or varioiis trade schedules), 
sometimes of a private character (like those sent out 
by the late Sir Francis Galton, or by Professor Karl 
Pearson, and others). In such cases it is necessary, 
though not always easy, so to frame the questions 
as to reduce to a minimum the danger d obtaining 
misleading answers. 
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(6) CUtssificatioM, TmbulatioH and Conelakon of 
Material. The facts or data are then classified and 
tabulated with respect to certain attributes, or 
variables, in which the investigator is interested. 
Examples of simple Classification and Tabulation 
have already been given in Chapter XVII, § a, and 
may be referred to now. For merdy descriptive 
purposes, such simple tables dealing only with one 
attribute, or one variable, may be useful ; but for 
further investigation we require tables giving two 
or more attributes (such as, say, the colour of eyes 
and of hair), or two or more variables (such as the 
supply and the price of wheat, or of some other 
commodity, over a period of years, or the tempera- 
ture of different geographical areas and their latitude, 
or the length and breadth of leaves). The following 
table may serve as an example of a simple type 
of cmrelation or contingency table, as such a two- 
fold (or multiple) table is called. 


Bfioobw. 

Hair Colour. 

Tolai. 

^ Mr. 

Dark. 

Light 

a. 7«4 


3 .M 9 

5.«43 

Brown 

II5 


726 

841 

Total .. 

2,829 

3.855 

6.«84 


Rrapactioa of light-eyed idmiKtr hair ~~ ■> 46 pwoent. 


Rtopoi ti on ol hmra^eyed widi fair hair ~ «■ S4p«oont. 
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(c) SummariziHg the Tables. The data classified 
and tabulated are often numerous and compli* 
cated. It may be difficult to see the wood for the 
trees. A concise summary of the results by the aid 
of averages, coefficients of association and of 
correlation is, therefore, helpful or even necessary. 
Graphs and other diagrams are also a useful aid 
for bringing the results home. It is this stage 
especially that calls for a knowledge of mathematics 
and of statistical technique. (See Chapter XVII, 
§ 2, above.) 

(d) Critical Interpretation. As a* result of the 
foregoing processes it may next be possible to state 
the extent and character of the relation between 
two or more attributes or variables that have been 
investigated. There may be no association or 
correlation * between them at all. That is to say, 
the occurrence of the one attribute, or the value of 
the one variable, may show no regular corre- 
spondence with that of the other. They may occur 
together or correspond sometimes, but that may be 
a mere coincidence. On the other hand, the 
presence or absence of the two attributes, or the 
variations of the two variables, may show a regular 
correspondence. In that case they may be inti- 
matdy connected ; their concurrence or correlation 
may be something more than a mere coincidence. 
This may be the case also even when the association 

* The tenn '* aesociatioa " is usually em{dD3red to exprass the 
relation be t ween two or more attributes, as defined above. The 

term ** conelation ’* is, on the other hand, usually restricted to 
express relatioii between variables* Bat the dtrancttai is aei 
always adhered to. 
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of the two attributes, or the correlation of the two 
variables, is not complete but only partial. In the 
best cases we are thus led to the discovery of a law, 
that is to say, a relation which we have reason to 
bdieve to be uniform. In somewhat less successful 
cases we may still be able to fonnulate a regularity 
of some kind. 

The establishment of some law or regularity of 
connection may be said to be the natural end of the 
Statistical Method at its best. The word “ end ” is 
here used with conscious ambiguity. The Statistical 
Method, like all scientific methods, aims at the 
discovery of general truths, if possible. On the 
other hand, as soon as such general truths are 
discovered in any department of inquiry, the 
Statistical Method is apt to be superseded. There 
is no further interest in noting the frequency of the 
occurrences or facts in question when their laws are 
already known. For example, there was a time in 
the history of Astronomy when records were kept 
of solar and lunar eclipses. It was on the strength 
of certain observed, but as yet unintelligible, cycles 
that the ancient? already foretold eclipses with some 
accuracy. But since the laws of the occurrence of 
eclipses have been discovered there is no further 
need to keep statistical records of their occurrence. 
Echpses can be foretold with great accuracy and 
certainty. 

Laws, however, are not so easily discovered, and 
the Statistical Method & not fool-proof. Great care 
is required for the correct interpretation of associa- 
tions and coireiaticMts. Even a hi^ degree of 
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association of attributes, or of correlation of 
variables, may be no conclusive evidence of real 
coimection. A few simple examples may make 
dear some of the types of rash interpretation. The 
fact that a high percentage of full-moon n^hts are 
fine is no evidence of real connection between full 
moon and fine weather. A comparison with other 
nights, when there is no full moon, shows that the 
percentage of fine nights when the moon is not full 
is just as high. Again, the fact that the mortality 
of babies wbo-use comforters is six times as great as 
that among children who go without comforters, is, 
according to Professor Pearson, also no evidence of 
a connection between the use of comforters and 
infant mortality. The higher mortality may be due 
to hereditary weakness of the children who use 
comforters; the very use of comforters may only 
be a symptom of the children’s weakness and con- 
sequent irritableness. Apparently, with a little 
ingenuity it is possible to correlate the spread of 
cancer with the increased importation of apples, 
and the expenditure on the Navy with the growing 
consumption of bananas, at least so Professor 
Pearson suggests. If so, it is obvious that mere 
statistical technique is no adequate substitute for 
common sense, and sdentific insight. 

§ 3. Kinds of Association and Correlation. 

In its most fruitful applications the results of tne 
Statistical Method are in some ways very like those 
of the Method of Agreement and the Method of 
Concomitant Variations, although the jn'ocesses are 
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diilerent in some respects. In any case, the associa- 
tions or correlations established by the Statistical 
Method, and the concomitant variations shoam by 
the Method of Concomitant Variations, exhibit 
analogous types. There are Positive and Negative 
Associations and Correlations, just as there are 
Direct and Inverse Concomitant Variations ; and 
there are Simple and Complex Associations and 
Correlations, just as there are Simple and Complex 
Concomitant Variations. (See Chapter XIX, § 4, 
above.) One important difference is noteworthy : 
whereas the Method of Concomitant Variations, like 
the other inductive methods, is only concerned with 
the discovery of uniform relations, or laws, in the 
stricter sense, the Statistical Method is concerned 
with the discovery of partial associations and 
correlations, as well as with the discovery of 
complete associations and correlations. Moreover, 
for purposes of merely qualitative induction (see 
Chapter XIX, §4), tiie Method of Concomitant 
Variations can be employed in cases in which 
quantitative variations can be observed but cannot 
be measured with any accuracy; the Statistical 
Method, on the otRer hand, is only applicable to 
jAenomena which, directly or indirectly, can be 
measured with accuracy. 

The association between two attributes is said to 
be positive if the presence of one is accompanied by 
the presence of the other ; it is said to be negative 
if when one of them is present the other is absent. 
Similarly, the corrriation of two variables is said to 
be positive if an increasing value of one of them 
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corresponds to an increasing value of the other. It 
is said to be negative when an increasing value of, 
the one corresponds to a diminishing value of the 
other. Negative association or correlation must be 
distinguished from the absence of association or of 
correlation. There is an absence of association 
between two attributes when the presence or 
absence of one of them corresponds in no wav to the 
presence or absence of the other, their concurrence 
or otherwise being a matter of chance. Similarly, 
the absence of correlation between two variables 
means the absence of any kind of correspondence 
between their values. In contrast with such 
absence of correlation and association, negative 
correlation and negative association are real corre- 
lation and real association, just as, in the case of 
concomitant variation, inverse concomitant varia- 
tion is also a real form of concomitant variation, 
and quite different from an absence of concomitant 
variation. 

Again, the association between two attributes, or 
the correlation between variables, may be complete, 
so that we can express it in the form of a general 
truth or law, such as aU cases of A are cases of 
B," or " ^ where c stands for some 

ascertained constant. Complete association or 
correlation is sometimes expressed by i and some- 
times (in the U.S.A.) by loo ; and positive and 
negative association or correlation are expressed 
-I- and — respectively. So that -f- i (or + lOo) 
would express complete positive association or 
correlation, and — z (or — zoo) would express 
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comfdete negative Msodation or correlation. 
Absence of association or correlation Is ^pressed 
by o. Partial assodation or correlation will be 
exjnessed by numbers intermediate between o and 
I (or lOo). Such numbers are known as 
coefficients of association (sometimes symbolized 
by Q), or coefficients of correlation (usually sym 
bolized by r). The coefficient + *8 (or + 8o) 
would be considered to express a high degree of 
positive connection. It is in fact the coefficient of 
correlation between the stature of man and his 
cubit (that is the length of the arm from the elbow 
to the tip of the middle linger), also between the 
cubit and the height of the knee. 

§ 4. The Vaiue of Descriptive Statistics. 

The results of the application of Statistical 
Methods are often valuable, even when they do not 
lead to explanation, or when they do not establish 
any connection between the phenomena, or even 
disprove an alleged connection. Through exact 
descriptions, by means of accurate counting and 
measuring, dasfSfying and tabulating, the pheno- 
mena under investigation assume an orderliness 
which renders them easier to grasp, and such 
orderliness clearly paves the way for future dis- 
coveries and explanations. Many of the results of 
the application of Statistical Methods are also very 
useful to the individual and to society. This is 
evident from the fact that the whole business of 
insurance rests on statistical calculations and 
processes. Lif 4 contingencies, or mortality tables. 



THE STATISTICAL METHOD 


255 


are aA excellent help to insurance companies, even 
if they throw no light on the complex conditions 
which determine life and death. The statistics of 
births, marriages, Lnports, exports, etc., furnish a 
certain amount of guidance in practical affairs, 
besides preparing the grcuhd for further sociological 
and economic research. Even the knowledge of the 
number of suicides per thousand of the populaticm 
in a given country for a given period of years may 
throw some light on social and economic conditions. 
When the rate of such an occurrence shows com> 
parative regularity for a period of years, that may 
be taken as an indication that certain social or other 
conditions have not changed much during that 
period. But that of itself is no evidence that the 
relevant conditions, whatever they may be, cannot 
or will not change ; and, with any change in these 
conditions that may come, the rate of occurrence in 
question is also liable to change. Within certain 
limits, or with reference to a short future period, it 
may be safe enough to rely upon the regularity of 
past rates, so long as there is no evidence of any 
striking changes in the relevant conditions. But it 
is an unscientific extravagance to raise any such 
observed regularity of the past to the rank of an 
invariable and inviolable law. Yet that is what 
Buckle did, when he maintained that in a given 
state of society 250 persons mus^ in the course of 
each year put an end to their lives; that so and so 
many letters mus/ miscarry, and so on. It happens 
only too frequently that people fail to realize the 
nature of their assumptions and inferences, or, in- 
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deed, fail to realize that they are making assuu*;^ 
tions and inferences at all, when th^ treat the 
chronicle of the past as an almanac for the future. 

While there can be no two opinions about the 
helpfulness of statistical technique for the orderly 
description and preparation of material for further 
scientific investigation, there is no such confident 
unanimity about the self-sufficiency of statistics as 
an independent method of scientific interpretation. 
This is intelligible. The correct interpretation of 
phenomena requires, above everything dse, a 
thorough familiarity with the phenomena them- 
selves. An expert chemist vrill achieve far more 
with inferior apparatus than an amateur can hope 
to achieve with the best apparatus. Similarly, an 
expert biologist or psychologist is likely to interpret 
his facts more accurately, even if he is not an expert 
in statistical technique, than a statistical expert 
who is an amateur biologist or psychologist. By 
setting up statistics, not only as an independent 
method, but as an independent science, a certain 
amoimt of encouragement may be given unin- 
tentionally to th^conceit that an 3 rthing which can 
somehow be coimted and measured is grist for the 
statistical mill, and can be manipulated and 
interpreted adequately by any statistician. But 
statisticians themselves, at least when commenting 
on the work of their colleagues, have had frequent 
occasion to point out the inadequacy of statistical 
technique alone to4he complete solution of scientific 
problems. 
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THE DEDUCTIVE-INDUCTIVE METHOD 

§ X. The ConibinatioH of Deduction and Induction. 

In science, as in every kind of study, knowledge 
already acquired facilitates the acquisition of further 
knowledge. This was illustrated, to some extent, 
in connection with the Method of Residues (Qiapter 
XIX, § 6) . Considerable progress in the development 
of science may be rendered possible by combining 
the simpler inductive methods with deductive 
reasoning, either of them being used to confirm or 
to extend the knowledge obtained or obtainable ly 
the other. The combination of deduction with 
induction has been named, by John Stuart Mill, the 
" Deductive Method '* ; but as this is rather liable 
to be confused with mere deduction, which is cmly 
one constituent of the combined method, it may be 
better to describe it as the Deductive-Inductive 
Method. As applied to the study of natural pheno- 
mena, Mill distingjoishes two principal forms of the 
Deductive-Inductive Method, namely ; (a) that in 
which the deduction precedes the induction, and 
(b) that in which the induction precedes the deduc- 
tion. The former he calls the " Physical Method " ; 
the latter he calls the Ifistorical Method." The 
distinction is of no fundamental importance, and 
the names are very inappropriate. Both forms M 
the Deductive-Inductive Method are employed in 
Physics, and in other sciences. More impartant 
than the ordo: in which the two parts cl the method 
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are applied, is the nature of the circumstanoes 
leadii^ to the application of this arhole method. 
Briefly, there are three kinds of occasions on vdiich 
the Deductive-Inductive Method is employed : 
(i) When an hypothesis cannot be put to the test 
directly, but only indirectly ; (a) when the attempt 
is made to systematize already accepted inductions 
or laws under more comprehensive laws or theories ; 
(3) when, owing to the difficulties of the problem, 
or to the lack of suffident and suitable instances of 
the phenomena studied, deduction and induction are 
employed by way of mutual support. Each of these 
types of cases may now be considered separately. 

§ 2. The Indirect Verification of Hypotheses. 

Sometimes an hypothesis, stating the possible 
nature of the connection between the phenomena 
studied, cannot be put to the test directly ; only its 
consequences can be tested by observation or 
experiment in the light of already established 
knowledge (frequently including mathematical 
knowledge). The implications of the hypothesis 
are then deduced or calculated, by the aid of 
mathematical or other forms of deductive reason- 
ing, until we arrive at such consequences as can be 
put to the test of observation or experiment. A 
simple example may help to make the difference 
dear. For this purpose, two h}q)Otheses of Galilei 
will serve. At the time of Galilei there was still 
current the Aristotelian hypothesis that the velodty 
of falling bodies varied with their weight. Galilei 
opposed this view and put forward the hypothesis 
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that all bodies, no matter what their weight may be, 
foil through the same distance in approximately the 
same time (allowing for the resistance of the ai^. 
These conflicting h3rpotheses could be tested directly 
by dropping simultaneously bodies of different 
waists from the same height. Galilei did test 
them in this way, by dropping bodies of different 
weights from the leaning tower of Pisa, and thereby 
he disproved the Aristotelian hypothesis, while 
confirming his own. The method employed was 
that of Concomitant Variations, only the result vras 
negative — ^the difference, or variation, in weight was 
not followed by any difference in velocity. Such 
simpler inductive methods, however, did not suffice 
when Galilei next undertook the ta^ of ascertaining 
the real law of the velocity of failing bodies. After 
trying various H3^theses, there occurred to him, 
eventually, the hypothesis that a body starting from 
rest might fall with uniform acceleration, and that 
its velocity might vary with the time of the fall. 
But he could not think of any method of testing 
that hypothesis directly. By mathematical deduc- 
tion, however, he concluded that if a body did fall 
in the way suggested by his hypothesis, then the 
distance through which it would fall should be 
proportionate to the square of the time of its faU. 
This consequence of the hjrpothesis could be tested 
directly, by comparing the actual distances traversed 
by foiling bodies during different times, or by 
cmnparing the times taken 1^ the fall thiouf^ 
different distances. 

As another example of thb use of the Deductive* 
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Inductive Method we may refer to Newton’s hypo- 
thesis that the orbital mov^ent of the moon is 
determined by terrestrial gravitation. This hypo- 
thesis could not be tested directly by any qf the 
simpler methods of induction alone. But, by 
deductive reasoning and calculation. Newton arrived 
at the conclusion that, if his h}^thesis were true, 
then the moon should be deflected from its 
rectilinear path at the rate of approximately 16 feet 
per minute. Now. this consequence of the hypothesis 
could be tested, by observing and determining the 
orbit and period of the moon. Eventually the 
hypothesis was actually confirmed in that way, 
though, owing to a misconception about the length 
of the earth’s radius (which .was one of the data of 
his calculation), Newton abandoned his hypothesis 
for a long time. StiU other instances of t^ use of 
the Deductive-Inductive Method are the Undulatoiy 
Theories of Light and of Sound. 

§3. The Systematixaiion of Laws. 

The more developed sciences constantly endeavour 
to link up sy$teniatically such laws or regularities 
as they have already discovered. The greater the 
knowledge already possessed the more possible is it 
usually to interconnect it into a cohoent system. 
Conversdy, the more systonatic the knowledge 
becomes, the deeper and more oAerent does our 
insight into the phenomena become. Speaking 
metaphorically, eadi iscflated law reveals a con- 
tinuous thread ia the taagled fabric of Nature, but 
still only a siniE^e thread ; when vaiions laws are 
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found to iie systematically interrelated, then th^^ 
reveal something of a whole pattern in the fabric 
of Nature. The usual way of establishing such 
systematization is by discovering some hypothesis 
from which certain laws, already obtained by 
previous inductions, but apparently standing in no 
relation to one another, can all be derived by 
deductive reasoning. The Law of Universal 
Gravitation is a familiar example of this kind of 
procedure. Kepler had discovered three most 
important laws of planetary motion, by induction 
from numerous astronomical observations made by 
Tycho Brahe and himself. The three laws were : 
(a) that the planets move in elliptic orbits having 
the sun for one of their foci ; (6) that the velocity 
of a planet is such that an imaginary line (called the 
radius vector) joining the moving planet to the sun 
sweeps out equal areas in equal intervals of time ; 
and (c) that the squares of the times which any two 
planets take to complete their revolutions round the 
sun are proportional to the cubes of their mean 
distances from the sun. Newton showed that these 
laws could all be deduced from the law that the 
planets (or, more generally still, all particles of 
matter) tend to move towards each other with a 
force varying directly as the product of their masses, 
and inversely as the square of the distances between 
them. In that way, laws (and phenomena) which 
appeared to have nothing to do with- one another 
were ^own to be expressions (or manifestations) of 
the same systematizing principle. 

Additional instances of this use of the Deductive- 
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Inductive Method are furnished by the Kinetic 
Theory of Gases in its relation to Boyle's Law, to 
the Law of Charles, to the Law of Avogadro, etc., 
and by the Undulatoiy Theory of Light in rdation 
to Sn^’s Law of Refraction, etc. 

§ 4. The Mutual Support of Deduction and Induction. 

In the study of certain kinds of highly complex 
phenomena which are beyond the control of the 
investigator, such as economic and other social 
phenomena, it is very unsafe to put much faith in 
the necessarily inadequate applications of the 
simpler inductive methods, and even more unsafe 
to trust purely deductive reasoning from a few 
elementary laws of human nature, etc. It is not 
safe to trust purely deductive reasoning, because 
there is the risk of overlooking all sorts of modifying 
or coxmteracting factors, so that the concrete result 
may be very different from that anticipated on 
deductive grounds. And, in the kind of cases here 
contemplated, it is also unsafe to put implicit trust 
in the inductions alone, because they are based on a 
comparatively few instances observed with difliculty 
under drcumstjRices which are extremely compli- 
cated, not varied in the way required for the cogent 
application of the simpler methods of induction, and 
altogether beyond the control of the investigator. 
In such cases one does the best he can by the aid ot 
both deduction and induction, and if the two modes 
of procedure converge towards the same conclusion, 
then one's confidence in the result is naturally 
greater* 
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An interesting example of this vae of the 
Deductive-Inductive Method is contained in Herbert, 
Spencer’s Principles of Sociology. The following is 
a very bald summary of the argument, giving just 
enough to bring out the character of its method, and 
no more. Spencer’s aim is to prove a connection 
between industrialism and free institutions, or, 
conversely, between militarism and lack of freedom. 
The first part of the argument (a) is inductive, 
involving rough applications of the Methods of 
Agreement, Difference, and the Joint Method. But, 
as the instances he can draw upon are rather few 
for such a complex problem, and not related to one 
another in precisely the way required for a rigorous 
application of the inductive methods, he endeavours 
to confirm his inductive conclusion by (6) inde- 
pendent deductive reasoning from the nature of the 
case, in the light of what is known of human nature. 

(a) In Athens, where industry was regarded with 
comparative respect, there grew up an industrial 
organization which distinguished the Athenian 
society from adjacent societies, while it was also 
distinguished from them by the democratic institu- 
tions that simultaneously developed. Turning to 
later times, the relation between a social regime 
predominantly industrial and a less coercive form 
of rule than is usually found in societies which are 
predominantly militant is shown by the Hanse 
towns, by the towns of the Low Countries out of 
which the Dutch Republic arose, by Norway, by the 
United States, by Britain, and the British colonies. 
Along with wars less frequent, and along with an 
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accompan3ing growth of agriculture, manufacture, 
and commerce, beyond that of continental states 
more military in habit, there has gone in England 
a development of free institutions. As farther 
impl}nng that the two are related as cause and 
consequence, there may be noted the fact that the 
r^ons whence changes towards greater political 
liberty have come are the leading industrial regions, 
and that rural districts, less characterized by con- 
stant trading transactions, have retained longer the 
earlier (mUitant) type with its sentiments and ideas. 

( 6 ) The pervad^g traits in which the industrial 
t3q)e differs so widely from the militant type, 
originate in those rdations of individuals implied by 
industrial activities, which are wholly unlike those 
implied by militant activities. All trading trans- 
actions are effected by free exchange. For some 
benefit which A's business enables him to give, B 
willingly yields up an equivalent benefit. This 
relation in which the mutual rendering of services 
is unforced and neither individual is subordinated, 
becomes the predominant relation throughout 
society in proportion as the industrial activities 
predominate. Daily determining the thoughts and 
sentiments, daily di^plining all in asserting their 
own claims while forcing th^ to recognize the 
correlative claims of others, it produces social units 
whose mental structures and habits mould social 
arrangements into corresponding forms. There 
results a type of society characterized throughout 
by the same individual freedom which every com- 
mercial transkctibn implies. In the militant type. 
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on the other hand, the nation is essentially an army 
sometimes mobilized, at other times quiescent. 
And as the soldier’s will is so suspended that he 
becomes a mere instrument of his officer's wiU, so 
the citizen of a militant regime is overruled by the 
government. 

If inductive inference sometimes needs support 
from deduction, purely deductive reasoning (except 
perhaps in pure mathematics) stands in even greater 
need of inductive confirmation, especially in the case 
of complex phenomena. The history of science, 
especially of economic and social science, can point to 
many cases which should serve as a warning m this 
respect. Ricardo, for instance, arguing deductively, 
maintained' that the continuous increase in popula- 
tion would necessitate the cultivation of less and 
less fertile soils ; this would raise land rents, and 
increase the price of food. This deductive conclusion 
was falsified by improvements in agricultural 
methods, and by the cultivation of fertile soils at 
great distances, which was rendered possible by 
developments in transport. Similarly, some of the 
Malthusians, relying on inadequate deductions, 
arrived at rather pessimistic conclusions about the 
future of the working classes. Tt was argued that 
any improvement in the regularity and amount of 
their w«^es would only encourage them to have stiU 
larger families, whose additional needs would con- 
tinue to keep them at the poverty line. But the 
subsequent investigations of Charles Booth showed 
clearly that, as a matter of fact, the families of the 
working classes steadily diminished in numbers. 
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and their standard of life steadily became higher, 
as their income improved in amount and in regu- 
larity. Deductive reasoning is, of course, soimd 
enough as far as it goes ; there is nothing intrinsically 
wrong vdth it. But, as already remarked, it is 
liable to be too abstract, in the sense of not taking 
into account all the factors involved. And it is 
just this that gives what little justification there is 
for the hackneyed dictum of men of practical affairs, 
namely, that this or that may be all right in theory, 
but will not work in practice. Except in purely 
hypothetical cases, what is true in theory is meant 
to be true in practice. But deductive theory is 
liable to overlook factors, whose actual influence 
is in no way diminished by being forgotten. 

§ 5. The Value of the Deductive-Inductive Method. 

Contrary to what might, at first, be expected, 
the indirect, more roundabout method of verifying 
hypotheses and establishing connections between 
phenomena, is scientifically more valuable than the 
direct method. «The simpler methods of induction 
are frequently applicable where, as yet, there has 
been no great development of the science concerned. 
They are applicable where comparatively little is 
known as yet ; but the Deductive-Inductive Method, 
especially in its more complicated forms, demands 
a conriderable amount of systematic knowledge, and 
so presumes a systematization on the pait of the 
science in question, which, in its turn, it helps to 
systematize stiU foarther. Fen example, the ancient 
astremomers (long before Thalesl had noticed that 
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solar and lunar eclipses oocurred in cycles of 6,58^ 
days. If, on the strength of such a purely empirical 
periodicity, they conjectured when the next solar 
or lunar eclipse would occur, then they could verify 
their conjecture or hypothesis directly by waiting 
till the proper time. This kind of conjecture 
required comparatively little previous knowledge, 
and its verification added very little to the existing 
stock of knowledge, beyond confirming slightly 
the probable correctness of the assumed periodicity. 
On the other hand, the modem astronomer dealing, 
say, with the lunar theory, has a much more com- 
plicated task before him. He puts to a severe test 
all the great astronomical ideas already accepted, 
and their systematic coherence, which he strengthens 
or improves by the very use to which he puts them 
in the long chain of deductions by which he arrives 
at conclusions that can be tested by actual observa- 
tion. He must know the approximate masses and 
the relative positions of the planets of the Solar 
System; and has to rd.y on the accuracy of the 
Law of Universal Gravitation. He must calculate 
the constant changes in the positions of the earth 
while the moon is moving round it. And so on. 
This involves the most elaborate deductive calcula- 
tion!: by the aid of differential equations. But when 
the anticipated positions of the moon, inferred by 
the aid of these calculations, are approxunatdy 
verified, then the whole group of ideas involved is 
thereby canented into a coherent system or a 
“theory,” as such an inter-cormected aysUaa is 
usually called. Siniilaily with other theodes. 
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PROBABILITY 

§ X. The General Nature of Probability. 

Probability is usually contrasted with certainty, 
and both terms apply only either to judgments or to 
propositions (which are the verbal expressions of 
judgments). There are cases in which we do not 
feel competent to judge at all, when we simply 
suspend judgment, and then the question of proba- 
bility or certainty does not arise. But when we do 
judge, then the judgment is entertained either with 
relatively complete confidence, which is called 
certainty, ox' ^th some lesser degree of confidence. 
It is this lesser degree of confidence, the confidence 
that falls short of certainty, that is usually designated 
as probability. It is more convenient, however, to 
regard complete confidence or certainty as the 
limiting case of probability. We then have a con- 
tinuous series or scale of probability varying from 
the lowest to the highest degree of confidence. 

To avoid possible misunderstandings several 
things must be'l&ome in mind. Certainty or un- 
certainty may originate in different ways. It may 
be the result of the moods and dispositions, hopes 
and fears, habits and prejudices of the individual who 
b judging. These are subjective, personal factors, 
wldch vary from individual to individual. Some 
people coi^dently expect a certain event merdy 
because they wish it to happen, and th^ are san- 
guine by tempaament. Others may be extremely 
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uncertain about some event, either because they are 
not keen about it, or because they have a morbid 
habit of expecting the fates always to thwart their 
wishes. In contrast with such merely subjective 
causes ot certainty or uncertainty, there are objective 
or logical grounds on which they may be based. 
They are the kind of grounds to which we usually 
app>eal when we try to convert others to our views, 
and do not rely entirely on our powers of bullying 
or of coaxing. Such rational grounds do not vary 
from individual to individual, but are valid for all 
intelligent beuigs. Now, the kind of uncertainty 
with which probability is concerned is that based on 
rational grounds. It is not concerned with mere 
feelings of conviction arising we know not how, but 
with those var 5 dng degrees of assertiveness which 
are correlated with corresponding degrees of rational 
support which our judgments find in the available 
evidence. 

Hence, probability may be said to be concerned 
with the problem of rational belief. Many of our 
judgments we are quite sure of, without any inspira- 
tion from our feelings or prejudices; sometimes 
indeed, in spite of them. "The square on the 
hypotenuse of a right-angled triangle, is equal to the 
sum of the squares on the other sides,” however much 
one may dislike the Pythagorean theorem. On the 
other hand, there are many things about which we 
cannot judge with certainty. We may have some 
grounds for thinking that " 5 is P," but the grounds 
may not be qpnclusive. We must then content 
ourselves with the judgment, " S may be P,” or 
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" 5 is probably P.“ It may be as wdl to emfdiasize 
at once the fact that probability and certainty refer 
to judgments about things or events, not to 
things or events themselves. Language, in its 
commendable aim at brevity, is rather misleading 
sometimes. Things just are what they are, and 
events just happen as they do. It is only our judg- 
ments about them that can be either probable or 
certain. It would indicate no additional character 
in the thing or in the event referred to in the state- 
ment, " snow is white,” or " the water is freezing,” 
if one were to insert the word ” certainly ” or 
" probably ” after the word ” is.” The insertion of 
either of these words would only indicate a differ- 
ence in the degree of our confidence in our own judg- 
ments, nothing else. As a matter of convenience, 
however, one may and does speak of ” the proba- 
bility of events," when what one really means is 
" the probability of the judgment that the events 
will happen ” — ^much in the same way as one con- 
tinues to speak of " sunrise " and " sunset,” etc., 
and would consider it tiresome pedantry to have to 
express himself accurately in accordance with the 
heliocentric astronomy. 

Again, propositions which are the result of direct 
observation are normally entertained with certainty. 
It is only when we are observing under difficulties 
that we become uncertain, and then the rmcortainty 
attaches not so much to the sense-impressions as to 
the donents of intdpratation which enter into the 
complex whole of our perception. Generally qwak- 
ing, therefore, ii may be said that the questitm of 
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probability arises chiefly in connection with inferred 
judgments, that is, judgments which rest on evidence ; 
and degrees of probability may then be said to be 
correlated with degrees of evidence, or degrees of 
cogency in the evidence. Accordingly, there are as 
many degrees of probability as there are kinds of 
available evidence. Moreover, the probability of 
our judgment relating to the same things may vary 
considerably from time to time, as more and more 
evidence comes to light. Our increasing knowledge 
of the evidence may, of course, have no influence on 
the thing or event in question ; but it is all-impor- 
tant in determining the rational justification of our 
judgments relating to it. 

In most of the aflairs of life we have to come to a 
decision on evidence whidi is not conclusive, so that 
our judgments are not certain, only more or less 
probable. “ Probability,” as Bishop Butler has said, 
" is the very guide of life.” This very fact has 
imparted a special interest to the study of probability 
and the problem of its accurate measurement. 
Indeed, the mathematical treatment of probability 
is concerned almost exclusively with the measure- 
ments of probability. But not all cases of proba- 
bility are really measurable, not even all those cases 
in which diflerences of degree are readily distin- 
guishable. For example, in a law-court one may 
feel justified in believing it to be more likely that 
witness A had told the truth rather than witness B, 
and yet one njfsiy be unable to assign a definite 
truth-probability to the statement of either. Or a 
witness may think it more likdy that a certain 
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event had happened at one time than at another, 
and yet he may be unable to estimate the probability 
of either. No doubt it is trying to have to 
depend on such vague estimates as " rather prob> 
able,” " quite probable,” ” very probable,” etc., 
especially in the course of trials on which issues of 
life and death may depend. One can understand, 
accordingly, the motive behind Bentham’s suggestion 
for the use of a probability-scale on which witnesses 
and judges might indicate the degrees of certainty 
(from o to lo) of their evidence or conclusions. 
But it is difficult to see the practicability of the 
suggestion. With unconscious humour the propo^-ed 
probability-scale has been called a probability- 
thermomeUr. If adopted, it would probably serve 
to indicate more often warmth of feeling than the 
dry light of reason. 

There are cases, however, in which probability 
may be measured with great precision. It is these 
cases that have chiefly interested writers on Proba- 
bility, as well as those ardent wooers of Fortune who 
seek to reach her by short cuts. These measurable 
cases are of tw«>principal tjrpes, namely, those which 
can be calculated a priori, and those which can only 
be calculated a posteriori. By the a priori cases we 
mean those which can be determined by reasoning 
from the nature of the case, independently of 
actual observations of the kind of events contem- 
plated. By the a posteriori cases we mean those 
which can only be determined by the aid of such 
observations. 



PROBABILITY 


*53 


§ *. The Deductive CalculaHon of Probability. 

The a priori (or dedudtive) method of calculating 
probabilities is possible on the following conditions : 
(i) We must know the total munber of mutually 
exclusive alternatives, one or other of which must 
happen. (2) These ^^'toatives must be equally 
likely. (3) We must Imow how many of the alter- 
natives are favourable to the event concerned. 
The probability is then expressed by means of a 
fraction, the denominator of which gives the total 
number of equally likely alternatives, while the 
numerator gives the number of alternatives which 
are favourable to the event in question. The general 
formula may be expressed thus : p — fjt, where p 
stands for the degree of probability, t for the total 
number of equally likely alternatives, and / for the 
number of favourable alternatives. 

This mode of assessing probability at once suggests 
quantitative expressions for certainty, as limiting 
cases of probability. There are two cases of cer- 
tainty, namely, when we know that something is 
necessary, and when we know that 'something is 
impossible. We are just as certain that equilateral 
triangles cannot be right-angled as that they must be 
equiangular. But, owing to the habit of applying 
the terms probability and certainty to the events, 
instead of to our judgments about them, it is usual 
to employ the term “ certainty ” for only one of its 
two forms, namely, necessity, the other form being 
separately designated as " impossibility." One 
does not waSit to be pedantic in the use of words, 
and so long as it is remembered that imposdbility 
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is also a case of certainty, in the wider sense and more 
correct use of the term, there is no harm in con- 
forming to current usage. Impossibility means that 
none of the possible alternatives is favourable. Its 
probability is, therefore, ojt, which =» o. For 
example, it is impossible to throw an ace with a 
coin, for there is no ace on a coin, only head and tail. 
Similarly, it is impossible to throw head with a die, 
for a die has no head, only facets marked from i to 6. 
The probability is, therefore, 0/2 and 0/6 respectively, 
that is o, in either case. Certainty, on the other 
hand, means that the event contemplated must 
happen, either because it is the only possibility 
under the given conditions, or because, although 
there are a number of different alternatives, yet any 
one of them will serve the purpose in hand, that is 
to say, will be favourable to the result in question. 
In either case all the alternatives are favourable, 
so that in this limiting case p =z tjt = i. In this 
way, starting from the formula p = fft we can 
deduce from it the limiting probability-values of 
impossibility and certainty as o and i respectively. 
So that the values of probabilities proper must be 
more than o and less than i. In the two limiting 
cases it is not even necessary to stipulate that the 
alternatives should be equally likely. 

In the case of simple events it is usually quite 
easy to determine the values of / and /. Thus, 
for example, the probability of throwing head with 
a properly constructed coin is 1/2. That of throwing 
a 6 with a weU-balanced die is 1/6 ; that of throwing 
I or 6 is 2/6 or i/J ; that of throwing an even num- 
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ber is 3/6 or 1/2 ; and so on. In the case of complex 
events, however, the task is somewhat more difficult, 
and calls for some caution. By a complex or com- 
pound event is meant one in which two or more 
separate events can be distinguished. Now, the 
total number of possibilities in such cases does not 
consist of the sum of the possibilities of the separate 
events but of their product. Moreover, each possi- 
bility is not something simple ; it is complex, and 
must be expressed in terms of all the component 
events. Both these points must be borne in mind if 
mistakes are to be avoided. For instance, if a die 
is thrown twice (or two dice are thrown simultane- 
ously) the total number of possibilities is not 6-1-6 
= 12, but 6x6 = 36, because for each possibility 
’A h one die or throw, there are six possibilities with 
tl.e other ; therefore altogether there are 6x6 
possibilities. Sometimes, the sum of the separate 
possibilities is equal to their product. In the case 
of two coins, for example, the sum of their possi- 
bilities is 2 2, and the product is 2 X 2, and the 

two are equal. In such a case, it is especially 
iniportant to remember the second of the above 
points, namely, the complexity of all the possi- 
bilities.'' Suppose, for example, we want to know 
the probability of obtaining head in one or other of 
two throws with one coin, or with two coins thrown 
together. We might argue plausibly that there 
are four possibilities, namely, head or tail on the 
one coin, and head or tail on the other coin — 
h,, f,, and or — and that two out of the four 
possibilities ^e favourable; therefore,^ = 2/4 = 1/2. 
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But that would be wrong. There are four possi- 
bilities, it is true, but they are all complex, not 
simple like those just given. The four correct 
possibilities are (i) head on both coins (or in both 
throws) *, a (2) head on the first and tail on the 
second ; (3) tail on the first and head on the second ; 
{4) tail on both — k^, A, A,, /, Of these 
four possibilities three are favourable (the only 
unfavourable one being that in which tail is thrown 
in both), and therefore the true probability is 3/4. 
In the case of two dice thrown simultaneously (or 
two throws with the same die) the correct possibili- 
ties will be as follows, if we let the first digit in each 
number stand for the number appearing on the first 
die (or in the first throw), and the second digit for 
the number appearing on the second 


11 

12 

13 

14 

15 

16 

21 

22 

23 

24 

25 

26 

31 

32 

33 

34 

35 

36 

41 

42 

43 

44 

45 

46 

51 

52 

53 

54 

55 

56 

61 

62 

63 

64 

65 

66 


Now the probability of a compound event, as 
compared with the probability of the separate com- 
ponent events, may be either greater or less, accord- 
ing to circumstances. If, in the case of the mplex 
event, all that is required is any one of the component 
events, then the probability of the complex event is 
greater than that of any of its simple components. 
For example, we have just seen that the probability 
of obtaining head iQ either of two throws of the coin 
is 3/4, which is greater than that of getting it in one 
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throw (mly, whh^ is 1/2. Similarly, the probability 
of getting a 6 in ^ther of two throws of a die is 
greater than that of getting it in one throw only, 
namely, 11/36 as against z/6 (see the foregoing 
table). The reason for this is fairly clear. When a 
second throw is permissible, then we may still get 
what is required, in the second throw, even if we 
have missed it in the first throw. Therefore the 
second throw increases the probabi ity. But the 
permissibility of the second throw does not double 
the possibility of the one throw only, because the 
permissibility of a second throw will have no value 
if we obtain what is required in the first throw. The 
case of h, A, in the case of the coins, or that of 66 
in the case of the dice, must not be counted twice. 

On the other hand, the probability of the com- 
pound evept may be less than that of the sunple 
events which compose it. This happens whenever 
the compound event contemplated is one in which 
certain component events must all be thete in a 
certain order. It is obvious, on general grounds, 
that the probability of both events. A and B, happoi- 
ing is less than that of A alone or B alone happening, 
because either of them might happen without the 
other, as well as with the other. Thus, for instance, 
it is less probable that head will appear in both of 
two throws with a coin than in one throw, because 
we may fail to get head in the second throw even if 
we get it in the first throw. Now, in such cases, the 
probability of the compoimd event is obtained by 
multiplying the fractions expres^g the separate 
probabWtiesol the several component events. Thua 



INDUCTIVE LOGIC 


256 

the {Mtobability ot throwing head in both of two 
throws of a coin is 

1/2 X 1/2 =* 1/4 ; 

that of getting 6 in both of two throws of a die is 
1/6 X 1/6 s= 1/36 ; 

that of getting an even number in both throws is 
3/6 X 3/6 =» 9/36 = 1/4 ; 

and so on. The reason for the miiltiplication of the 
separate possibilities in this t}rpe of case may be 
stated as follows. The event contemplated 'is one 
in which several component events, say A and B, 
must all occur. Now, unless A does occur it makes 
no difference whether B occurs or not ; it is of no 
interest to us then. Therefore, B will only be taken 
into account if A does happen. It is consequently 
not certain, but only probable, that B will be taken 
into account at all. How probable ? As probable 
aa that A will happen, say p^. Now, if A does 
happen, then B is taken into account ; but it is 
not certain that B wUl happen even then. There'-is 
only a probability of its happening even as a separate 
event, say a probability of Py,. Hence, the total 
probability of B happening precisely as required, 
namely, when A also happens, is x P^,. Similarly 
with more comjdicated events. 

What has just been said about compound events 
and their being less or more probable, according to 
circumstances, than the separate component events, 
applies also to events or things whose probability 
cannot be calculated at aU. Thus, for examfde, it 
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is more probable that the weather will be fine on 
Monday or Tuesday than on Monday; but it is 
less probable that it will be fine on both Monday 
and. Tuesday than on Monday. Incidentally, this 
will explain to sc»ue extent why some hypotheses 
are less probable than others. The wave theory of 
soimd, for instance, is, in the light of the foregoing 
considerations, more probable than is the wave 
theory of light, because the latter assumes two things, 
namdj^ tne existence of ether and wave-transmission, 
whereas the former theory assumes only the wave 
transmission, since its medium (air) is known to 
exist, and is not a matter of assumption. 

§ 3. EquaJiy likely PosstbUUies. 

To return to the above-mefttioned conditions for 
the a priori calculation of probability. The second 
of those conditions calls for special consideration. 
First, why must the alternatives be equally likely ? 
A comparison of two simple cases will make the point 
clear. Suppose we were to argue that a properly 
constructed coin must throw either head or not ; 
that there are, therefore, two alternatives, of which 
head is one ; so that its probability must be 1/2. 
The answer would be true, but the reasoning would 
not be correct. Let us now take a die instead. 
Suppose we were to argue that the die must either 
throw ace or not ; that there are, therefore, two 
alternatives, of which ace is one ; so that its proba- 
bility must be likewise 1/2. Here the answer is pal- 
pably wrmig. But why ? Is it not true that the 
die must throw either ace or not ? Are there not 
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these two alternatives ? In a sense there are two 
alternatives in the case of the die as well as in the 
case of the coin. But whereas in the case of the coin 
the alternative " not-head ” b equal to the alter- 
native " head,” in the case of the die the alternative 
” not-ace ” really stands for five separate alternatives 
grouped together as one alternative — ^it is really 
five times as great as the alternative ” ace,” and 
must be weighted accordingly. Its probability is 
really 5/6, while that of the ace is only 1/6. In the 
same way, the alternative ” bull's-eye ” is not com- 
parable with the alternative ” not bull's-eye,” for 
the former represents but one comparatively small 
space on the target, while there are innumerable 
places on and off the target which are ” not bull’s- 
eye.” Similarly with the happy mean in right 
conduct, as Aristotle would say. Incidentally, this 
will also explain the absurdity of the view that a 
statement for which there is no evidence pro or coh 
has a truth-probability of 1/2. There is no reason 
whatever for supposing that the truth and the 
falsity of such a statement are equally likely alter- 
natives. Them are innumerable ways of missing 
the truth, just as there are innumerable ways of 
missing the mark. 

Next, the condition appears to be question- 
begging. Apparently we must know that the 
alternatives are equally probable befote we can 
determine the probability of any one of them. If 
so, how is one ever to get a start ? Poincar6, 
accordingly, had no difficulty in poking innocent 
fun at the whole, calculus of probability, wtuch he 
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comideFed to be little better than a game conducted 
in accordance with certain rules and conventions. 
But it is an exaggeration to regard the equality of 
the alternatives as a mere matter of convention. 
The equality of the alternatives may be ascertained 
without the aid of fallacious question-begging or 
arbitrary conventions. Let us suppose that we have 
witnessed the construction of a die made as nearly 
perfect as possible. What do we know in that case, 
and what are we justified in anticipating from a throw 
of the die ? We know that the principle of gravita- 
tion and the laws of centre of gravity and of specific 
gravity are operative, and that the six sides of the 
die are approximately equal in shape and in weight. 
From all this we deduce with comparative certainty 
that the die when cast will not remain suspended in 
mid-air, or stand up on one of its edges, or remain 
poised on one of its comers, but must fall flat on 
one of its sides. But which side ? That we cannot 
tell, because there are six equally likely alternative 
sides. In what sense are the alternatives equally 
likely ? In the seixse that the conditions which are 
known to be operative are known to be equally 
favourable to any one of the six sides of the die. 
Other conditions, namely, the precise way in which 
the die will be thrown, etc., wUl have to become 
operative in order to make the die fall on one side 
rather than on any of the other sides. But, since 
these conditions are unknown, we can only be guided 
by the known conditions, which are equally favour- 
able to ^u:h of the six sides. In this sense the ax 
alternatives are equally likely. That is all that is 
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required by the condition under oonsideration, so 
that no convention is necessary, nor is question- 
begging involved. It is not always possible to ascer- 
tain the equal likelihood of the alternatives in such 
a direct way, and then one is tempted to let mere 
ignorance of inequality do service for a knowledge 
of equality, a procedtire that is not always justi- 
fiable. The equality of alternative possibilities 
can sometimes be determined indirectly. Suppose, 
for example, we have a die of the proper construc- 
tion of which we have no evidence, and which we 
do not want to take to pieces in order to examine its 
sides, we might still ascertain indirectly whether its 
six sides are equally likely alternatives. We might, 
namdy, cast the die several thousand times and 
record the results. If, on an average, each side 
of the die appeared approximately once in six 
throws, then we should feel justified in regarding 
the alternatives as equally likely. Observations of 
the actual behaviour of the alternatives are thus 
made a test of the equal likelihood of those alter- 
natives. This brings us to another method of 
estimating probabilitsr — ^the a posteriori (or inductive) 
method. 

§ 4. The Inductive Calculation of Probability. 

Many, and practically the most important, cases 
of probability cannot calculated a priori at all ; 
but th^ can be estimated by the aid of sufficiently 
numerous observations of the class of events contem- 
plated. Suppose, for instance, that, in the above case 
of the die, the'six different sides were not thrown an 
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approziiiuitdy equal number of times — ^the aoe,, 
say, turning up on an average once in about eight 
throws, instead of once in six. This would be taken 
to prove that the six alternatives are not equally 
likely, so that the probability of any particular 
throw with that die could not-be calculated a priori. 
But it could still be calculated by the aid of the 
actual observations — ace, e.g., would be said to have, 
a probability of i/8. The frequency with which an 
event occurs, in the long run, is treated as the 
measure of its probal^ty. In this way, provided we 
have sufficient statistical data, it is possible to 
estimate exactly the probability of all sorts of events 
which do not lend themselves at all to a priori 
treatment — ^births, marriages, deaths, the thousand- 
and-one ills that flesh is heir to, etc. 

Influenced by the empirical tendencies of a scien- 
tific age, and contemptuous of the high a priori road 
favoured of theologians and philosophers, writers on 
Probability have been tempted to base all calcu- 
lations of probability on frequencies. They would 
either banish a priori calculations altogether, or, at 
most, treat them as intelligent anticipations of 
frequencies. It is admitted, indeed, that the 
frequency-theory of Probability is not free from 
difficulties. Frequencies are apt to vary c<m- 
siderably with the number of cases observ^. In 
tossing a coin, for example, the proporticm of heads 
and tails varies remarkably according as <nie stops 
at the soth, the xooth, the i.oootii, or xo^oooth 
thrhw.* One can get almost any proportion 
stopping at the rig^t moment. Hence the intro* 
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duction of the notion at ** the long ran "—mi the 
long run a nonnal-coin will throw head once in two 
throws. But even so, the element ol arlntiaiiness 
is not entirely eliminated. As here conceived, the 
fundamental form of the probalnIity*calculus is 
the a priori fonn, of which the a posteriori type is 
simply an inverse process. The probability that a 
die, which is known to be properly constructed, wiU 
throw ace is 1/6. Primarily this fraction does not 
refer to the average frequency with which ace has 
turned up or will turn up. It means that ace is one 
of six equally likely alternatives, one or other of 
which must be realized, should the die be cast. This 
may be ascertained accuratdy without casting the 
die at all. The said frequency may, however, be 
deduced from the a priori probability, of which it 
can, consequently, be made a test or an index. In 
the a posteriori calculations we simply say that the 
event in question occurs as if it were one of 
so-and-so many equally likely alternatives — the ace 
of the above-mentioned bad die, e.g.. turns up as 
if it were one of eight equally likdy alternatives. 
There is ^thing unusual about such a use of 
the inverse process, or the resort to fictitious 
suppositions. 

Our view of the calculable cases of probability 
(a priori and a posteriori) makes it possible, without 
any straining, to keep together all types of proba- 
bility, quantitative and non-quantitative. In aU 
cases of pcobatiility proper the certamty of anticipa- 
tion is weakened our knowledge of alternative 
pussibiliti^._ Tn some cases we know directly what 
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the other alternatives are; in others we do not, 
except, perhaps, in a vague sort of way. In some 
cases, we can, from a knowledge of the operative 
conditions, regard the alternatives as equally likely ; 
in others wc have to weight them in the light of 
experience ; in yet other cases we may not be able 
to value them at all, or only in a very rough manner. 
The frequency-theory of probability, on the other 
hand, has really no room for the non-quantitative 
cases. Even in the modified form, in which fre- 
quency is taken to mean the truth-frequency of 
certain classes of propositions, it appears unsatis- 
factory. How exactly does it help one to deal with 
the probability of a judgment, to advise him to 
ascertain first the probability of the whole class of 
judgments to which it belongs ? Strictly speaking, 
it is only when we know the probability of a 
proposition that we know to what class it belongs 
in respect of truth-frequency, if we can ever know 
this at all. 

§ 5. The C(dcuUUion of Odds, etc. 

The term ** chances ” is sometimes used instead 
of the expression *' probability." At other times 
the expression " chances " is used as the equivalent 
of the term " odds.". . This last expression is met 
with more often than the term probability in 
connection with problems of hazard. By " odds " 
we mean the ratio of favourable to unfavourable 
possibilities, / to non-/. Itis always easy to convert 
probabilities into odds and vice versa. For f » / 
-1- non-/, so that if we know p (i.e. ///) we can 
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deteimine non-/, which = t — /, and so we ca.' 
state the relation of / to non-/, that is, the odds. 
Similarly, if we know the od(k, that is, the ratio 
/ to non-/, we can determine t, which = / + non-/, 
and so we can obtain p, which = fjt. For example, 
if we are told that the probability of an event is 
11/36 then t = 36, and / = ii ; therefore non-/ 
= 36 — II = 25, and the odds, therefore, are 
II to 25. Conversely, if we are told that the odds 
are ii to 25, then < = ii -f 25 = 36, and / = 11, 
therefore the probability is 11/36. Sometimes the 
probabilities and the odds given are those against 
the event ; but this involves no difficulties what- 
ever, if it is remembered that the probability against 
the event simply = non-fjt, and the odds against 
it are non-/ to /. The probability against an event 
must be distinguished from its improbability. The 
expression " improbability " simply means a low 
degree of probability. Popularly, the term ** prob- 
able '' often means " very probable,” or " more 
probable than not,” and the term " probability ” 
means ” a l^h degree of probability.” 

It is sometimes easier, or quicker, to calculate the 
probability against an event than the probability 
in its favour. In such cases, if we want to ascertain 
P it is best to determine non-p first and to subtract 
it from I. For i — ^ = non-^, because p =» fjt, and 
noOrP = non-//<; thereforei, p -1- non-/i = fjt -H 
xian-fjt = //< « I Consequently, p sat x — non-^^, 
and non-^ mmx.—p. For example, the probability 
at tossing head in either of two throws of a coin is, 
as was shown 'above, 3/4. Now, there was some 
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risk of miscalculation in that case, and the risk is 
much greater in more complex cases. " It would 
haye been simpler and safer to argue that the prob- 
ability against obtaining head in either throw is the 
same as the probability of getting tail in both, 
that is 1/2 X 1/2 = 1/4. Thus, non-^ = 1/4, and 
p therefore — i — 1/4 — 3/4. 


§6. The Law of Succession and Induction by Simple 
Enumeraiion. 

There is one special type of a posteriori calculation 
of probability that calls for separate consideration, 
as it bears on the question of induction by simple 
enxuneration. If an event has been observed to 
occur a certain number of times under certain 
circumstances which do not appear to be causally 
connected with it, then, of course, we cannot feel 
confident that it will always occur under those 
circumstances ; but the more often it has been 
observed to occur, the more probable will its recur- 
rence imder those circumstances appear to be. 
According to Laplace, each previous occurrence may 
be regarded as a reason for expecting its recurrence, 
and each failure is a reason against expecting its 
recurrence. Now, the question of the next recurrence 
of the event considered by itself Involves two 
possibilities, namely, its occurrence and its non- 
occurrence. Of these two possibilities, one is 
favourable. Accordingly, rif an evmt has occurred 
tn times and has never been knoum to fail tmda: 
certain circumstances, then the probability of its 
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next recurrence, under those circumstances, is 
or the odds in its favour are m + i to i, 

»» 4 - 2 

so that the larger the number of occurrences 

observed, when no exceptions are known, the more 

nearly does the probability of the next occurrence 

approximate to i, that is, certainty. Thus, for 

example, if the sun has been observed to rise and 

set within periods of twenty-four hours on a trillion 

occasions, and there has been no exception, then the 

probability of its rising and setting in the next 

. . , , .a trillion -f i , ,• u • 

twenty-four hours is : I which is 

a trilhon -|- 2 

practically i, or certainty. But the probability 
of more than one such recurrence is certainly less. 

The probability of r recurrences will be — — • 

m + r + i 

Induction by simple enumeration may thus attain 
to a high degree of probability if the expectations 
based upon it are confined to a comparatively small 
number of recurrences. But the probability of a 
real generaliaation based upon simple enumeration 
is never very high. For in a real generalization the 
number of recurrences contemplated (r) is practically 

I X 

infinite, and consequently the value of 

cannot be high. 

If, under the same circumstances, the event in 
question has been observed m times and has failed 
X times, then the probability of r recurrences will be 
w H- I 


m -J- A" r -f- I 


This formula is known as the 
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Law of Succession, and includes, of course, the 
preceding foimulse, which are obtained from it 
if X or r ss o, according to the nature of the case. 
In this fuller form- we see the ba^ of the probability 
of the reciurence of partial correlations or associa- 
tions, as ascertained by the statistical method of 
exact enumeration. What has just beep said about 
the probability of inductions by simple enumeration 
applies here likewise. 

§ 7. The Use of Calculations of Probability. 

Lastly, of what practical value is the whole cal- 
culus of probability ? Some people have very 
exaggerated notions of its practical value. This is 
partly due to our respect for figures, in consequence 
of the important place which mathematics holds in 
modem science. One tacitly assumes that exact 
figures express precise knowledge, and one has no 
suspicion of the ill-defined nebulosities that may 
masquerade in precise ratios and fractions. Partly, 
however, the exaggeration is also due to the fre- 
quency-theory of probability. This theory rather 
encourages the confusion of probabilities with 
frequencies. There is, of course, a cormection 
between them. We have seen that probability 
can, in many cases, only be calculated on the basis 
of observed frequencies. Nevertheless, probability 
and frequency are not identical. Now frequencies, 
when treated with the necessary precautions, may 
be of the greatest practical value — as is evident from 
their use in insurance business and in kindred enter- 
prises. But the calculus of jpobability is another 
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matter. Probability is concerned even with single 
events and small groups or series of events, while 
frequencies always refer to large dasste, or 'long 
series of events, to what happens " in the long run." 
The practical difference is obvious, even in roulette. 
The bank, doing buaness with large numbers of 
players, can rely on frequencies which secure it 
certain advantages. The individual player, limited 
to a much smaller number of ventures, simply 
gambles, and usually pays dearly for his estimates 
of probability, even whoi these are based on rational 
calculations, and are not merely the result of inspira- 
tion of superstition. The cdculus of probability 
is, of course, secure of its r^utation, just like the 
ambiguous oracles of antiquity. Whatever happens, 
the calculus is right. Whether you win or lose, 
whether you have a long run of good luck, or of 
ill luck, the calculus is equally right. This may 
console those who cherish their ddusions more than 
their treasure ; but sensible people will not put their 
trust in such ambiguous orades. There are, it is 
true, ingenious gambling s3rstems, based on fre- 
quendes ratb^ than on probabilities. But even 
these systems have their day and cease to be. The 
best of them is but a snare, cheating the fowler of 
a bird in the hand for two in the bush. Its validity 
alwa3rs depends on "the long run," which eadly 
outruns the resources of any ordinary individuaL 
For shnilar reasons, even in legitimate insurance^ 
business, the company, relying on ftequendes, is 
on a much better footing than the individual client. 
But the psraotical exigeudes of life often make it 
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advisable for the individual to take high risks for 
small amounts rather than incur low risks for large 
amounts — not to mention the benefits which accrue 
to the community as a whole from insurance organi- 
zations. No precision of figures can eliminate the 
essential uncertainty of the probable. And, in the 
last resort, the best method of estimating the proba- 
bility of an3rthing is by a close examination of the 
actual conditions. Even insurance companies do 
not rely entirely on frequencies, but have each case 
examined by an expert (doctor, or oigineer, etc.), 
according to the nature of the risk. This is done 
primarily in order to determine accurately to what 
precise class the risk belongs, since each class has 
its own frequency. But that is not the whole 
explanation. For, if everything were taken into 
account indiscriminately, each case would be sui 
generis. There can be no doubt, however, of the 
great practical, as well as theoretical, value of a 
knowledge of frequencies and correlations. In 
comparison with it, the value of the calculus of 
probability is almost negligible. 

§ 8. Probability and Frequency. 

The relation between those kinds of events the 
probability of which can be calculated deductively 
(or a priori) and those events the probability of 
which can be calculated only inductively (or a 
Posteriori) may be indicated in yet another way. 
In the deductive type of cases what is really calcu- 
lated in the first instance is, as has already been 
explained, the probabilities or possiUlities, not 
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actual frequencies; but from these possibilities or 
probabilities we infer the frequencies ; and the 
same fraction is used to express both the probability 
and the frequency. Yet the two are not identical, 
as may be seen from the different meaning of the 
same fraction according as it is intended to express 
the probability of an event, or its frequency. For 
instance, the fraction 1/6 when it expresses the 
probability of face 6 turning up when a properly 
constructed die is thrown, simply means that " the 
turning up of face 6 is one of six equally likely 
possibilities '' ; but when this same fraction is used 
to express the frequent^ of the event in question, 
then it means " in the long run face 6 will turn up 
on an average in one out of six throws." The 
phrase " in the long run " is irrelevant in the case 
of probability strictly so called ; but it is indis- 
pensable in the case of statements of frequency. 

In the case of the deductive calculations, then, 
the frequencies are really deduced from the proba- 
bilities. On the other hand, in the 'case of the 
inductive calculations what we start from is the 
statement* of frequencies actually observed and 
recorded. And from these frequencies we infer the 
probabilities by an inverse process, as has already 
been explained. And in such cases the fraction 
representing the frequency of the event " in the long 
run " is translated into an estimate of the proba- 
bility of, it may be, a single event, by a kind of 
legal fiction, " as if " the event in question had / 
possibilities in its favour out of i equally likely 
possibilities.^ 



CHAPTER XXIIl 


ORDER IN NATURE AND LAWS OF NATURE 
§ I. Orier in Nature. 

In the preceding chapters reference has been made 
repeatedly to the order, laws or regularities which 
science seeks to discover among the phenomena of 
nature. A few explanations are now called for. 
When we speak of order or ordorliness in nature, or 
in the world, what we mean, in the first instance, is 
the opposite*of chaos or mere chance. In daily life 
we have frequent occasion to describe certain 
occurrences or concurrences as merely chance inci- 
dents or coincidences, while other occurrences are 
not treated as mere (natteis of chance. When 
dealing with human actions, the opposite of chance 
or accident consists of what is usually called design 
or purpose. Sometimes, for example, we meet 
friends by chance, at other times designedly, or of 
set purpose. . But, when investigating the vast 
majority of natural phenomena, we are not concerned 
with problems of design or piupose. Here the oppo- 
site of chance is usually referred to as necessity, 
which must not, however, be taken to mean the same 
as compulsion, but simply conformity to a natural 
law or regularity of some kind. There are two 
questions then that have to be considered : (a) 

What is the attitude of science towards order in 
nature ? and (6) what is meant by natural laws and 
regularities? 

Science, in seeking to discover order in nature, 

8 
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would appear to assume that there is such a thing. 
To some extent this is true. If there were no order 
in nature there would be nothing for science to do. 
Certainly science does not propose to invent order 
in nature, or to introduce order into nature, but 
only to trace it, to discover it, if possible. At 
the same time, the search for aui}rthing does not 
really or necessarily presuppose the definite assump- 
tion or conviction that what is sou^t is actually 
there. One may look for what one merdy hopes to 
find, or for what one considers to be there more or 
less probably. Again, to consider it more or less 
probable that there is order in nature, is not the same 
thing as to asstune that nature is orderly through 
and through. After all, the world is vast, and the 
field of scientific investigation is, in comparison, 
very limited. The man of science can always select 
for hb investigation a class of facts in which the 
discovery of order seems promising. 

On the whole, experience has shown that there is 
some order in nature, even if nature be not orderly 
through and throu^. If there were no order at all 
in the wy^ld, if the actual distribution of things and 
attributes and the occurrence of events were entirdy 
a matter of chance, then there would be nothing to 
exclude any concdvable, or even inconcdvable, 
combinations of attributes or sequences of events. 
For order exfuesses itsdf through laws or regularities. 
The whole order of things in any S 3 rstem, whether in 
nature as a whole, or in any part of it, really consists 
of a s3rstem of intor-connected laws, which constitute 
as it vtete the threads of its orderly pattern. Now 



ORDER IN NATURE 


*75 

a law can be expressed in a universal Reposition of 
the form “ If 5 is Af, it is P” or, more IMefly, if 
not quite so accurately, in the form, 5 is P." 
And each of these forms of expressing a law 
excludes certain ccmceivable combinations, namely, 
things which are 5 and M but non-P, in the 
former case, or things which are 5 and non-P, 
in the latter case (SMP = o, or SP — o, where P 
stands for non-P). 

The complete absence of natural laws, or what 
comes to the same thing, the complete absence of 
order in nature would, therefore, show itself in an 
absence of exclusions of any conceivable combination 
of attributes or events. What, however, experience 
plainly shows is that many such concdvable com- 
binations and sequences are not met with. On the 
other hand, many laws have been discovered which, 
if true, would definitdy exclude various conceivable 
combinations, the absence of which they may be 
said to account for. And a considerable amount 
of experience has so far confirmed these laws. 
Moreover, the larger the number of laws which science 
succeeds in discovering, the greater does our confi- 
dence become in the extensiveness of the domain of 
the reign of law, or rather of the pervasiveness of 
law. True, even the aggregate of human experience 
is comparatively limited, and our discoveries are 
always subject to subsequent correction in the 
light of further experience. There is no finality in 
human knowledge, not even in scientific knowledge. 
But sufficient for the day is the evil thereof. So 
far the greatest discoveries of the past have not 
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had to be entirely repudiated, only corrected or 
reformulated. 

At the same time, there is primd facie evidmce 
enough of disorder and chance in the universe. Not 
only are there vast regions of fact in which, as yet, 
no order has been discovered, but even among the 
orderly facts or events there are apparently elements 
of disorder. The individual members of any class 
of phenomena, for example, usually show consider- 
able deviation from the type, as has already been 
pointed out in Chapter XVII, and the most careful 
measurements of changes subject to natural laws 
almost always show deviations from one another 
and from the adopted, or so-called true, value. 
These deviations (or ” errors," as they are often 
called) cannot be entirely explained away on the 
ground of human incompetence. They seem to 
point rather to an element of lawlessness (originality 
or spontaneity, if you like) in the facts or events 
themselves. 

We may conclude, then, that there are laws in 
nature, although these laws are not always rigid, 
but someu*hat elastic. There are, however, also 
parts of nature in which, eis yet, no laws have been 
discovered, and where, so far as one can tell, laws 
may possibly never be discovered. If we are to use 
the familiar expression ** Uniformity of Nature " 
to describe the general character of nature, as just 
discussed, it must not be taken to mean more than 
that there are laws or imiform connections in nature, 
or in many phenomeiva of nature ; and it must not 
be taken to mean that such laws are absolutely rigid. 
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or that all the phoiomena of nature are subject to 
laws. Least of all may it be interpreted in the sense 
that the course of nature is uniform, or that natural 
events proceed like recurring decimals. Even if 
nature were orderly through and through, there 
would be no need for a perpetual cycle in all natural 
events. Uniformity of nature is something quite 
different from the uniform course of nature. 

It is possible that order in nature is itself the result 
of evolution, that in the remote past there may have 
been even less order than there is now, perhaps no 
order at all, and that, at some remote future time, 
nature will exhibit more order than it does now. 
If so, it would be all the more intelligible why man 
always looks for order in nature ; why he is for 
ever seeking to discover laws and regularities among 
natural phenomena, and more so now than he did 
in the past. His whole attitude, namely, may be 
the outcome of a growing adaptation to his environ- 
ment. But this is only a highly speculative 
suggestion. 

§ 2. Natural Law. 

What is a natural law ? Most people are far more 
familiar with the legal or moral use of the word 
" law ” than with its scientific use, hence a 
certain amount of confusion. In the legal or moral 
sense, the expresaon "law” means a command 
backed by sanctions and penalties. Usually also, 
in these cases, the laws are considered to be imposed 
up<m us from outside by some authority, such as the 
State, Society, etc. It is quite dUfierent from wliat 
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is called a " natural law.” In its scientific sense 
the word ” law ” means nothing more than a regu* 
larity or uniformity in the character or rdation of 
certain classes of facts or events. It denotes just 
some intrinsic character, or mode of behaviour, in 
certain classes of phenomena — ^nothing imposed on 
them from outside, but just an orderliness of their 
own nature. 

Another confusion to be guarded against is that 
between what may be called the law itself, that is 
to say, the actual objective regularity of the phe- 
nomena in question, and, on the other hand, the 
verbal or symbolic formulation of the law, that is 
to say, the formula. Unfortunately, the term '* law ” 
is frequently used ambiguously, sometimes for the 
uniformity itsdf, and sometimes for the formula. 
What is true of the one may not be at all true of 
the other. The formulation of a law is the work of 
men of science. It may require correction from 
time to time in order to make it express the law or 
uniformity itself more accurately in the light of 
increased knowledge. The formula may even have 
to be r^roted altogether, if subsequent research 
gives grmmd to suppose that there is no objective 
law or regularity corresponding to it. But the law 
or uniformity or regularity itself is usually assumed 
to be independent of its discovery and formulation. 
The man of science does not endeavour to invent 
it, but only to discover it. The formula, moreover, 
may only be a close or rough approximation to the 
law, and in any case it is not the law itself. Natural 
laws, in' short, are not man-made, but only man- 
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discovered and man-formulated. Whatevw <^*s 
view may be of the ultimate constitution of the 
universe, or of nature, even if one were to conceive 
it on idealistic lines, it would be a distortion of the 
ordinary scientific view of natural laws not to 
regard them as objective, that is to say, as indepen- 
dent of the discoverer or investigator. We may 
admit that the scientific formulse of natural laws 
are often only apjvoximations, sometimes even 
deliberate simplifications; but this admission, so 
far from weakening, actually strengthens the case 
for conceiving natural law as something strictly 
objective, a part of nature itself, which the formula 
does not always express completely. 

There are various kinds of natural law. Some of 
them appear to be more rigid, others less so. Some 
are almost invariable, others are what may be 
called regularities rather than more or less rigid 
uniformities. It is always possible, however, that 
the inexactness or elastidty of certain natural laws, 
as conceived by us, may be due to human short- 
comings, rather than to the laws themselves, which 
may simply not be adequatdy expressed as yet. 
More important is the distinction between laws of 
co-existence and laws of sequence. There is a law 
of co-existence, whenever a number of attributes 
or states are regularly together. In the case of 
natural classes, for instance, certain characteristics 
are usually found together. Similariy, with various 
physical states, or the properties of various kinds 
of geometrical figures. A law of s equence consists 
of the regular succesrions of certrin states or events* 
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as, far example, between changes of tempoature 
and changes of volume, between thunder and 
lightning, between the seasons of the year, and so 
on. Again, some laws are said not to be causal, or 
are not known to be causal, but are either rational 
regularities, or merely regularities which may, 
nevertheless, so far as we can tell, be reducible 
eventually to as yet unknown causal laws. But the 
distinction between causal and other regularities, 
althou^ interesting and really justifiable, or even 
inevitable, is of no special scientific importance. 
The really important thing is to discover regularities, 
of whatever sort. Regularities make the world 
orderly, and a knowledge of them makes the world, 
or at least a part of it, intelligible and manageable. 
For the knowledge of a general law spares us the 
need of worrying over eaph particular case. That 
is an important thing. The question about what 
may be called the machinery of these regularities 
is interesting, of course, and we shall, therefore, 
consider it briefly, but it is only of secondary im- 
portance jp science. 

Another distinction is that between ultimate 
or primary, and secondary* or derivative laws. 
An ultimate or primary law is one which cannot be 
deduced from any other law or laws. A derivative 
or secondary law is one which can be so deduced, 
or which is not sufficiently comprehensive to be 
regarded as primary. For example, Kepler’s three 
laws, already referred to above, are derivative, 

• The jbaHM **iMtiinary " aad '‘Mcwidaxy" an hen und 
aapn or ton bi m same sense as la flw wtiactioa between 
pcixaafy aad saoondaiy qualities. 



ORDER IN NATURE 


a8x 


they can be deduced from the law of gravitation ; 
but the law of gravitation itself is, so far as we can 
say at present, an ultimate law. The term " ulti- 
mate " in this connection must be understood in a 
relative sense, just like the term “ element " in 
Chemistry. In both cases alike the meaning of the 
term must be qualified by the reservation " in the 
light of present knowledge.*' The expression " law 
of nature *’ is sometimes confined to the so-called 
ultimate laws, but in a wider sense, of course, all 
natural laws are laws of nature. 

§ 3. Condition and Cause. 

The facts of observation are extremely complex, 
and in our attempt to trace order in them we have, 
as it were, to unravel the tangle and follow up the 
separate threads. That is to say, in every object 
or event that we observe scientifically, we regard 
certain of the constituent factors as connected with 
one another, while others are not considered to be 
connected with these same factors, though they may 
be connected with difierent ones. For example, 
in the case of falling bodies, we regard the time of the 
fall as connected with its velocity, but we do not 
regard the velocity as connected with the chonical 
constitution of the body, though its chemical 
constitution will be conceived to be connected with 
other things, such as its reaction to various agents, 
and so on. Similarly, in the case of triang^, we 
regard the fact that the sum of the three angles is 
equal to two right angles as connected with the 
bare trilateralness of the figure, but not cooneeted 
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with the rdative lengths of the three sides, thou^ 
the relative lengths of the three sides will be con- 
sidered to be connected with something else, namely, 
the rdative sizes of their opposite angles. Now the 
facts or factors may be said to be connected with 
one another if one of them is impossible without the 
other : or, what amounts to the same thing, if one 
of them is a condition of the other. By a condition 
of anything, then, is meant whatever is indispensable 
to that thing or event, etc., or that in the absence 
of which the thing wiU not be, or the event will 
not happen, or at least will be difEermt. Thus the 
rotation of the earth is a condition of the sequence 
of day and night. A certain kind of structure of 
the stomach of an animal b a condition of its ability 
to chew the cud, or the equilateralness of a triangle 
is a condition of its equiangularity. The result, or 
whatever it is that the condition renders possible, 
is called the consequent, and every connection may 
accordingly be described as a connection between 
a condition and a consequent. Sometimes, as the 
last example may illustrate, condition and conse- 
quent are r^procal, that is, dther renders the 
other possible ; but this is not always or frequently 
so. Most results are complex, and need the fulfil- 
ment of a number of conditions, each of which is 
indispensable, but is not adequate by itself to com- 
plete the result. Thus, for example, the form of a 
certain curve, the trajectory of a bullet, or the orbit 
of a planet is the result of a number of different 
co-operating ccmditions. 

It should be noted that sometimes the conditirm 
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and the consequent are simultaneous, and then* 
connection constitutes what has already 'been de- 
scribed as a law or uniformity of co-existence. In 
such cases, of course, the term “ consequent " must 
not be interpreted in any tonporal sense, but only in 
a logical or quasi-logical sense, inasmuch as the 
knowledge of the uniform co-existence of certain 
attributes enables us to infer from the presence of 
one of them also the presence of the other. With 
uniformities of sequence it is different. In their 
case the consequent really does follow the antecedent, 
though the coimection between them is less fre- 
quently reciprocal than in the case of uniformities 
of co-existence. 

Moreover, in the case of the consequents which 
follow their conditions, we have to take into account 
n^;ative conditions as well as positive conditions. 
By a negative condition of any result is meant the 
absence of whatever may thwart the appearance of 
that result ; while other conditions, the so-called 
positive conditions, may be said to contribute posi- 
tively to the result, or to constitute it more or less. 
Thus, for example, the vdocity of falling bodies is 
conditioned positivdy by the time of their fall, 
and not by their mass. Two bodies of different 
mass or density, say snowflakes and hailstones, 
riiould, therefore, fall through the same distance in 
equal times ; but that will not be the case if they 
fall through a resisting medium, such as air, etc. 
Now, the absence of a resisting medium is, therefore, 
th^ native condition of the result contemplated, 
namdy, the fall of different botEes, having different 
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masses or different densities, through equal distances 
in equal times. Similarly, in the economic sphere, 
supply and demand and the price of commodities 
are inter-connected in certain ways, but the actual 
results may be thwarted or masked by Government 
control, etc. The absence of such control, etc., 
is, therefore, a negative condition of the results 
considered. 

Certain sequences of events are commonly con- 
sidered to be-<assally connected either directly or 
indirectly. For instance, an increase of pressure 
and a fall in temperature would be said to be a direct 
cause of diminution in the volume, or an increase 
in the density, of a gas. On the other hand, the 
seasons, though they follow each other with a 
certain uniformity, would not be said to cause one 
another. Rather their sequence would be described 
as the indirect result of the movement of the earth 
in relation to the sun, as determined by gra\itation 
and the relative masses and distances of the planets. 
In this case, a certain uniform sequence, and in other 
cases, su<^ as those of various kinds of plants, 
animals and chemical elements, certain uniform 
co-existences, would be regarded as indirect results 
of certain causes. By the cause of an event or result 
is meant the minimum totality of conditions each of 
which is indispensable and all of which are together 
just sufficient to bring about that result. It should 
be pointed out. however, that commonly the 
expression “cause" is used in the sense of ", con- 
dition," or part-cause. 

What distingttishes causal connections from other 
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unifonnities and regularities is this. The causal 
conditions are believed to supply the matter and the 
energy of their consequent or effect; in other words, 
the event which is the effect of a given cause consists 
of the matter and the energy of the several conditions 
composing the cause. The cause hac Simply been 
transformed into its effect, or each condition in the 
cause has been transformed into some part of the 
effect. The difference between the character of 
the effect and that of the several conditions, which 
together cause it, is the result of the action of the 
several conditions on one another. Now the case is 
different here from other kinds of uniformities, 
whether of co-existence or of sequence. In the case 
of co-existing attributes, the attributes all remain 
together, there is no question of the conversion of 
one of them into another. Similarly, with non- 
causal uniformities of sequence. The seasons, for 
example, are not conceived to produce one another, 
or to be transformed one into another. On the 
other hand, each season considered in relation to 
its cause is just the result of the light and warmth, 
etc., which stream upon the earth, when the earth 
and sun are in certain positions relatively to one 
another. Thus regarded, it seems legitimate enough 
to distinguish causal uniformities or laws from 
others. In the case of physical ph^enomena they 
constitute a relation of greater unity and continuity 
than do those other uniformities which are not 
causal, either directly or indirectly. Our knowledge 
of causal laws in any sphere of inquiry, therefore, 
facilitates a higher degree of coherence and system 
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in our knowledge of natural phenomena, so as to 
approximate to some extent to the logical coherepce 
of the mathematical uniformities. 

There are some thinkers, however, who object 
to the use of the term cause " in science. The idea 
of causation is derived from the experience of 
human exertion or effort, and the term " cause " 
may suggest to some people that the so-called 
causes, or causal conditions, exert a similar effort 
in producing their effects. That would be anthropo- 
morphism pure and simple, if not fetishism, or what 
not. Certainly, such conftisions should be avoided 
as far as possible, but the fear need not be carried 
to excess. Language is the creation of man, and 
the tendency to anthropomorphism is its original 
sin. If science is to avoid every suggestion of 
anthropomorphism, it must be dumb. Does not 
the word " law " sin in the same way as cause ? 
And energy ? Even the word ** routine," a favourite 
substitute for causation, may be just as misleading. 
The important thing to guard against is excessive 
anthropomorphism, whatever terms we employ. 
After all, it may be possible to carry this fear of 
anthropomof^ism to excess, for man is also a part 
of nature. Another reason for the objection to the 
recognition of the causal relation in science is to be 
round in our inability to see exactly how the so-called 
causes produce their effects. But even if the accu- 
racy of this reason is admitted, it does not seem to 
justify the rejection .>f the recognition of causal 
rdationship. Does any sensible person deny that 
he sees the heavenly bodies merely because he does 
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not understand how he does it ? However, as 
already remarked, the important thing is to discover 
unifoimities and regularities in nature,’ the finer 
distinctions between them are of secondary impor- 
tance. In some ways, there is a greater simplicity 
and continuity in the conception of all regularities 
and uniformities as constituting a continuous 
series of correlations from the most imperfect to the 
most complete. The reduction of the conception 
of causal connection to that of mere law, or routine, 
or uniformity may itself be regarded as an expression 
of the general tendency of modem science towards 
greater and greater simplifications. On the other 
hand, the recognition of the causal rdationship, as 
formulated above, seems to be a necessary aid to 
the conception of the continuity of natural evorts, 
and a valuable adjunct to the Principle of the 
Conservation of Matter and (or) Energy. In the 
absence of some such conception of causal continuity, 
each succeeding state of nature would appear to 
follow the preceding state by a kind of miracle — as, 
indeed, some of the Schoolmen and others thought 
it did. 

§ 4. The Principle of Fair Samples. 

All scientific methods start from observed facts, 
and usually end in generalizations of some kind 
concerning whole classes of facts, or events, or, at 
the very least, concerning large groups of them. 
The number of phenomena actually observed is 
usually a small one, in comparison with the whole 
class or group, of which the results of the application 
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of the methods are held to be true m6re or less. 
The. question, accordingly, arises, what right have 
we to apply the results of our observation of a very 
limited number of facts to others, which have not 
been observed at all ? The answer is that, strictly 
speaking, we probably have no a priori right to 
do so. Science in this, as in other respects, follows 
the lead of the practical man. In business it is 
often impossible or impracticable to examine each 
item in a large cargo of goods, such as grain, fruit, 
etc. Buyers are consequently content to estimate 
the character of the whole cargo by the aid of a 
sample. They are sometimes taken in but, -oft 
the whole, experience shows that, provided a sample 
is sdected with some care, it fairly represents the 
whole, although it is but a small fraction of the 
whole. The precautions to be taken in selecting a 
sample by which the whole will be judged, is mainly 
this : to avoid the likelihood of one-sidedness or 
bias. For example, a sample selected from one or 
two bags of grain, or cases of fruit, is not so likely 
to give an approximatdy correct idea of a large 
cargo consi^ing of many thousands of such bags 
or cases as when the sample is selected from a 
considerable number of bags or cases from many 
different parts of the cargo. Such a selection is 
commonly described as a random selection ; but in 
many cases, perhaps in most cases, the so-called 
" random " selection call^ for a good deal of fore- 
thought and insight as to the best way of avoiding 
bias of any kind. However, samjdes can be so 
selected i and, whenever that happens, experience 
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has shown that the character of an adequate* or 
" fair " sample represents the character of the much 
larger whole with approximate accuracy. Of course, 
the result of sampling is not absolutely reliable, it can 
only be regarded as more or less probable, and the 
degree of its probability will vary with the number 
and the range of objects constituting the sample. 
The actual number is perhaps less important than 
the range of selection, that is, the variety of objects, 
wherever there is a pritnA facie reason to stispect 
consideratle variety in ther whole which is to be 
judged by the sample. Much will depend on the 
extent of our previous knowledge of the kind of 
phenomena concerned. In some cases a single 
instance observed under suHable conditions (such 
as those characterizing the Method of Difference, 
for instance) may constitute a fair sample, in other 
cases a very large sample may not inspire much 
confidence in its fairness. 

As remarked previously, the very attempt to 
discover a regularity of some kind presumes at 
least the hope or probable belief that such a regu- 
larity is there in the phenomena in which we seek 
it. To that extent, as already explained, we rely 
more or less on the principle of the uniformity of 
nature, in the sense previously indicated. But 
that principle affords no guidance whatever as to 
what attributes or variables might or might not be 
r^ularly correlated. In actual practice, in science 
and in practical life, we rely on what may be called 
the Principle of Fair Samples, that is to say, the 
belief that, with reasonable care, it is posable to 
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judge the character of a large group, or of a whole 
class of phraomena, by the aid of a samide, or a 
selection, from it. This principle is sometimes 
called the Law of Statistical Regularity. 
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CHAPTER XXIV 


SCIENTIFIC EXPLANATION 

§ I. ExplatuUion and DescnpHon. 

Modem men of science appear to be fairly unani- 
mous in maintaining that the object of science is 
not to explain the phenomena of nature, but to 
describe them. This view is often felt to be rather 
disappointing, and many thinkers have disputed 
its accuracy. Sometimes, indeed, men of science 
not only admit that science does explain, but even 
maintain that the scientific explanation is the only 
true explanation of facts. They are usually careful, 
however, to add at once that in science the word 
“ explanation " means something difierent from 
what it means elsewhere. The important thing, 
obviously, is to get at the actual facts of the case. 

The difficulty arises from the fact that things are 
explained differently on different occasions. The 
only way to indicate the general function of explana- 
tion in such a way as to include all, or nearly all, 
methods of explanation is to say that anything is 
ex[dained when it is shown in its relation to some 
other thing or things, so that it does not appear, 
so to say, to hang in the air, detached and isolated. 
(The word " thing,” like the word *' phenomenon,” 
is here used in the very widest sense so as to include 
also attributes, events, etc.) The kind of explana> 
tions with which man is most famihar are ex^ana- 
tioos of the cmiduct of his fdlows, for th^ axe the 
most important for his well-being. Now, the usual 
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way of accounting for human actions is by relating 
them with, or referring them to, some motive or 
purpose. When certain human actions are seen to 
be the means, or the steps, to the realization of some 
purpose, then we understand them. Our guide to 
such interpretation is, of course, our own felt 
experiences on analogous occasions. Such explana> 
tions are the explanations with which we are most 
familiar, and which, perhaps for that very reason, 
we find most satisfactory. No wonder that man 
always sought, and sometimes still seeks, such 
explanations, evoi when the things to be explained 
are not human actions. Hence the animism, fetish- 
ism, and anthropomorphism in the early history of 
human thought, and the cheap finalism of even 
some eighteenth-century thinkers, who seemed so 
familiar with the intentions of the Almighty 1 Now, 
modem science, except in ,the study of specifically 
human, and certain other biological problems, 
does not attempt explanations of this kind at all ; 
that is to say, explanations referring to purposes, 
or, dS they are still sometimes called, Jlf$al causes. 
In the light of this, it should be clear what is meant 
when it is maintained that modem science is not 
concerned with the question Why ? but only with 
the question How ? Science, it is maintained, only 
seeks to discover what attributes things have, and 
how things happen, not why, that is, for what purpose, 
things are as they are, or events happen as they 
happen. And if the term “ description ” be used 
for* any account of what things are like, and how 
events happen, then science may be said to be 
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concerned with description. That it is concerned 
with description is beyond dispute. The only 
question is, whether it is not also concerned with 
explanation. If the term " explanation " were to 
be confined to the t3q>e of explanation by reference 
to purpose, or final causes, then science (allowing 
for the exceptions just mentioned) might be said 
not to be explanatory, only descriptive. But then 
explanation by reference to final causes is not the 
only t3rpe of explanation. There are other types of 
explanation ; and it is, indeed, the chief business 
of science to discover them. Things, attributes and 
processes, or events, may be explained by reference 
to their classes, or their conditions, or laws and 
regularities; and laws and regularities may be 
similarly explained by reference to other more 
comprehensive laws, from which they can be derived. 
Now, we have already seen that the methods of 
science are directed to the discovery of classes, 
regularities and laws. To sum up the whole work 
of science as description is a very inadequate way 
of indicating its aims and its achievements. At the 
very least, it is misleading, for the term " descrip- 
tion *' must, in that case, incltide all that is usually 
called "explanation," and the two terms are no 
longer antithetic. 

The idea that science should confine itself to des- 
cription can be accounted for to some extent in yet 
another way. This idea, namely, may be said to 
mark the climax of a obtain revolt, clearly voiced 
by Frands Bacon and many others in the dxteenth 
and seventeenth corturies, and to some extent 
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already anticipated by Roger Bacon in the thirteenth 
oentuiy, against the ejctensive prqxmderance of 
speculative theory over actual observation. In the 
struggle of those early days it was urged, and 
rightly urged, that science must rest on the observa- 
tion of facts, and not on the theories of authorities. 
The only authority for science must be the observed 
facts, and the rational interpretation of the observed 
facts. In the positivism of the eighteenth century 
this tendency reached its extreme form in the demand 
that science should shun philosophical as well as 
theological authorities, should shun, in fact, theoreti- 
cal speculation altogether, and confine itself to the 
description of actual observations. The watchword 
of positivism has met with almost universal favour 
among men of science. The spirit which prompted 
this whole tendency was healthy. It is right that 
science should keep as close as possible to observed 
facts, and not indulge in imnecessary speculation. 
But this tendency may also be carried too far. What 
is cottunonly called observation includes, over and 
above actual sense-elements, not only such supple- 
ments qj^memory and imagery as make wool look 
soft, or ice look hard and cold, but also distinct 
elements of interpretation. This is not usually 
noticed, because the interpretation is so rapid and 
spontaneous that the sense-elements and the inter- 
pretations coalesce into one experience, the whole 
of which appears to be given immediately. That 
there is an element .of intexpretaticm even in observa- 
tion becomes dear in the case of conflicting descrip- 
tions of the same objects txt evoits, as frequently 
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happens in the Law Courts. For example, in a 
certain trial, one witness maintained that he had 
noticed on the seashore in the moonlight a woman 
with a child, while another witness of the same 
scene was equally certain that it was a man with a 
dog. For the most part the rapid interpretations 
we make in ordinary everyday hfs are correct. 
We do, indeed, make mistakes sometimes, and grow 
more cautious in time; but we could not check 
the process entirely without paralysing our intellec- 
tual and practical life. Now, what is true of ordinary 
experience is true more or less also of science. Des- 
cription, i| it is to be sharply distinguished from 
explanation, should be confined to what is actually 
observed. In reality, however, it is as difficult 
to separate entirely description from explanatiim 
as it is to separate entirely observation from inter- 
pretation. For scientific explanation is a form of 
interpretation, or rather consists of several forms of 
interpretation. The contention that science is not 
concerned with explanation at all can only be mis- 
leading, and may be partly responsible for the 
occasional tendoicy to smuggle explanations into 
descriptions, or to pass ofi theories for facts. The 
distinction between fact and theory, as commonly 
made, is, indeed, only another form of the distinction 
between observation and interpretation, or between 
descriptirm and explanation. Strictly speaking, if 
the distinction is to be carried through consistently, 
the term fact ” should mean what can actually be 
observed, as frcun the theory which 

Ktilra up or explains the observed facts. But only 
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too frequently the word " fact ^ is applied to any- 
thing, even a highly abstract theory, if it is believed 
with as much conviction as anything that is per- 
ceived (" fret “ in the stricter sense). The only 
consistent course is to recognize that science is 
concerned with interpretation as well as with obser- 
vation, with theories as well as with facts, with 
explanations as well as with descriptions; and to 
admit, besides, that it is not always easy or necessary 
to distinguish sharply between the terms in each 
antithetic pair. 

§ 8. Types of Explanation. 

The aim of science is to discover order in the world, 
and all the scientific methods are methods of tracing 
order among various natural phenomena. In so far 
as science succeeds in its enterprise, the world, or 
at least some part or aspect of it, appears to us 
more orderly or intelligible, or more explained. To 
explain anything is to see, or to indicate, its place 
in some order of things or events. Hence various 
methods of scientific explanation, corresponding 
more or 1^ to the principal scientific methods of 
discovering order in nature. The chief types of 
explanation may be enumerated and illustrated as 
follows : — 

(a) Reference to Class. An object is sometimes 
explained when it is recognized, or shown, to be a 
member of a known class. Thus, for instance, to 
one who is in doubt about the diaracter of a certain 
plant, it will exffrined if (whether by the aid of 
an analytical- k^, or through the help of an expert) 
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he finds out that it belongs to such or sudi a species 
or variety. Similarly, a class of objects may be 
explained when it is recognized as a sub-dass of a 
wider dass. Events also are sometimes exidained 
in this way, as, for example, when lightning is 
classed with electrical phenomena. Of course, to 
anyone who knows nothing about the kind of objects, 
or dass of events, to which reference is made, this is 
no real explanation. 

{b) Reference to Evolutionary Series. A t}rpe of 
object is sometimes explained by reference to its 
place as a link in an evolutionary soles. (It makes 
no difference whether a type is represented by the 
fossil remains of a single member, say, the South 
Afiican skull of a primitive ape, discovered by Prof. 
Dart, or by a multitude of surviving members.) In 
such a case something which is at once similar and 
yet dissimilar, when compared with other types, 
and therefore puzzling, is assigned its place in a 
certain order of continuous devdopment, and is thus 
explained. Similarly, a whole evolutionary series 
may be explained by ascertaining or indicating its 
place in a more comprehensive evolutionary series. 

(c) Reference to Mediating Factors. 'Vl^en the 
problems concern apparently remote or diverse 
facts, or events, which, neverthdess, ‘appear to be 
cormected. then an explanation may take the form 
of discovering, or indicating, intermediate factors or 
events, which bring the corrdated, but remote, 
facts or events into doser cormection. Thus, for 
example, the perception of sound is explained by 
the mediation of air-waves between the source of 
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sound and the hearer. Similarly, the perception 
of luminous objects is explained by the mediatitm 
of ether-waves between the luminous object and the 
seer. And the corrdation between the presence of 
cats and the abundance of clovo' is explained by 
reference to sudi intermediate events as the cats’ 
destruction of the mice that would destroy the bees, 
which fertilize the clover. 

(i) Reference to Laws. The commonest type of 
explanation consists in referring what needs expla- 
nation to some rdevant law or laws. The laws may 
be partial or complete correlations, and, if complete 
correlations, they may be merely empirical uni- 
formities or causal or logical connections. Thus the 
frequent occurrence of suicides in a certain city, or 
country, may be explained, after a fashion, by 
reference to the approximatdy constant rate of 
suicides there. The bent appearance of a stick 
partly immersed in water may be explained by 
reference to Snell's Law of Refraction. The suc- 
cessive positions of a planet may be explained by 
reference to Kepler’s ist or 2nd I^w, or both. The 
movements ^f a planer, or Kepler's Three Laws, 
might be explained by reference to the Law of 
Gravitation. Lastly, the equiangulaiity of a triangle 
may be explained by reference to its equilateralness, 
or vice versa. The most satisfactory scientific 
explanations are those) based on causal or logical 
uniformities. Other laws, indeed, are felt to need 
explanation themsdves, and the attempt is usually 
made to explain them by reference to causal laws, 
ortheorka. 
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(«) Referenu to Purpose. In the study of certain 
budogic^ phenomena, and, above all. in the study 
of human experiences and activities, individual and 
social, it is scaicdy possible to dispense with the 
conception of purpose, if we are to have really 
adequate explanations. Even the most violent 
opponent of teleological explanation, eveh the most 
thoroughgoing determinist, would hardly be flattered 
if his writing and other activities were described as 
guided by no aim, and devoid of all purpose I Still, 
even these special problems must be explained in 
other wa}rs, as well as teleologically ; and in the 
case of the purely physical sciences tdedogical 
explanation has no place. 

§ 3 . Theory and Lave. 

Laws, if they can be explained at all, are explained 
by reference to wider laws, as has already been 
pointed out. But the converse is not always true. 
The reference of a law to a wider law does not always 
yield an explanation. In order to make this point 
clear it is necessary to distinguish first between real 
inductions and mere summaries. If, after examin- 
ing a sufficient number of various animals having 
cloven hoofs, and noticing that they are ruminants, 
we conclude that all animals with cloven hoofs are 
ruminants, then we have an induction or generaliza- 
tion. It may, or may not, be justified, still it is a 
real inference from observation to a law or uni- 
formity. But if we confine oursdves to the state- 
ment that ** all the anmals with cloven hods which 
we have examined were rumiaants," then we have 
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merdy a summary account of the actual observa- 
tions, which involves no such inference as the 
previous statement. It formulates no law. Simi- 
larly with statements made about a limited group 
or class after examining each member separately. 
I mean such statements as "No month has 32 
days," OT "All the Apostles were Jews.” These 
are merdy summary statements. Such summaries 
are very useful as aids to memory, and for purposes 
of easy reference; but they are not inductions, 
although they have been described as perfect induc- 
tions, that is to say, inductions based on perfect 
(as complete) enumeration. Now, laws, too, may 
be summarized in such a manner, and when they 
are so summarized, the result may be called a 
summary law, and will, of course, be more compre- 
hensive than any one of the laws which it summarizes. 
But it is not a new induction, for it indudes nothing 
that is not already induded in the laws which it 
summarizes. For example, if, after experiment 
with some samples of a particular gas, it is inferred 
that in all cases of that kind of gas the pressure and 
the volume vary inversdy, if the temperature re- 
mains constant, then there is an induction. But if, 
after making similar inductions about each known 
land of gas in turn, it is aisserted that " the pressure 
and the volume of any gas vary inversdy ” (Boyle’s 
law), then the statement is a summary of the 
separate inductions ; it is not an additional induc- 
tion. Similarly, if the Law of Refraction of Light 
(CNT the Index of Refraction) for eadi kind <d trans- 
parent medium, were ascertained first, and then all 
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the separate inductions were summed up in Sndl’s 
Law of Refaaction. It might be urged that such 
summary laws (like Boyle's Law or Snell's Law) are 
really genuine inductions, because they also apply to 
certain kinds of substances which may be discovered 
in future (say, new gases, or new refractive media). 
But it is not very likely that such laws would really 
be assumed to hold good of newly discovered 
substances without experimental verification. This 
means that the relevant summary law would be 
treated as an hypothesis (suggested by analogy), 
and tested like any other scientific hypothesis. If 
verified, it is a new induction, and can then be 
included in the relevant summary induction. 

Now, a summary law does not explain any of the 
included laws. It is only when the more compre- 
hensive law is something more than a sununary 
that it can be said to account for other laws whi^ 
can be derived from it. Thus, for example, Newton’s 
theory of gravitation (especicilly in its onginal 
causal sense) is an explanation of Kepler's three 
laws and of Galilei’s Law of Falling Bodies; the 
Kinetic Theory of Gases is an explanation of Boyle’s, 
Avogadro’s and Gay-Lussac’s Laws (and of the 
separate laws wluch they summarize) ; and the 
Undulatoiy Theory of Light explains Snell’s Law of 
Refraction (and the laws of which this is a summary) 
by reducing the bending of a ray of light, as it 
passes from one medium to another of different 
denaty, to differences in the velocities ol li^t in 
the two media. 

There is a tmdauy to distmguish such a mote 
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comprdienaive law frank the less comprehensive 
laws, which it mcjdams^by calling it a Theory. In the 
preceding paragraph this distinction in nomencla- 
ture has been observed. It is a convenient dis- 
tinction. The reason why these more comprehensive 
laws are called theories, rather than laws, may be 
justified as follows : in the first place, they are 
usually of a more speculative character than the 
subsidiary laws which they indude, and in that 
sense they are more theoretical. The subsidiary or 
secondary laws keep more dosdy to the facts, and 
are more nearly descriptive than are the so-called 
theories. The theories are, in a sense, inductions 
from the laws, in the same way as the laws are 
inductions from the facts of observation. The 
theories are, consequently, at a further remove from 
the facts than are the laws ; the laws may be true 
even if the theories are false, but the theories cannot 
be true if their derivative laws are false. The 
theories are, therefore, less probable than the laws, 
according to the prindples of probability explained 
in ChapteiM>XXII, §2. Another reason may be 
this: looking at the laws objectively, that is to say, 
as natural laws, and not merely as verbal formulas 
for them, it is fairly obvious that to call the theories 
also laws amounts to counting the same laws twice 
over. The actual uniformities in the phenomena 
concerned may be accurately described either by 
reference to the secondary laws or by refoence to 
the systemathdng theory. But the two do not 
rq>resent -diflertat uniformities; and, since the 
theories are’ the more speculative, and also come 
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after the discovery of the laws, the term " law ' 
is naturally retained for the less coinprdiensive 
but earlier discoveries. Incidentally, the foregoin| 
explanation may also account for the fact that wc 
usually speak of discovering a law and inventing a 
theory. The word *' theory ” suggests at once a 
formula, or a formulated explanation or hypothesis, 
rather than an objective uniformity. But the 
reverse is the case with the word " law." 

The invention of theories, in the sense just ex- 
plained, marks an important step forward in the 
history of a science. For theories colligate secondary 
laws, just as laws colligate or order facts. Theories, 
therefore, mark further progress in the discovery of 
systematic order in the phenomena of nature. Laws 
of a less comprehensive character, which caimot be 
deduced from theories, are felt to be unexplained, 
to hang in the air, so to say, and are often referred 
to as merely empirical laws, in the sense, namdy, 
that they only sum up, or just describe, the experi- 
enced or observed facts, without explaining them 
adequately. It should be remarked, however, that, 
at other times, the expression " empirical law " is 
conimed to inductions which are based on simple 
enumeration, and which are, therefore, not so 
reliable as inductions based on the stricter inductive 
methods. (See Chapter XX, § i, above.) 

§ 4. The Logical Basis of Induction. 

It has already been pointed out several times that 
most, if not all, generalizations are inferences frmn 
particular or individual cases or instances. And we 
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have already considered to some extent the anestion 
of the justification (if any) of such inferences. We 
have suggested that this procedure is part^. at all 
events, the result of a practical drive felt by man* 
kind. The possibility of anticipating events and 
preparing to meet them, and such regularity or 
orderliness as are sufficient to provide a basis for 
such intelligent anticipations, are among the most 
urgent practical needs of life. Needs, it is true, 
do not always create their objects, and it would be 
absurd to suggest (as some people have indeed 
suggested) that human needs produce natural order 
or law ; but such needs do prompt us to seek order, 
and to jini it, if it is there. Hence the assumption, 
or rather the hope, of the Uniformity of Nature. 

But we may also consider for a brief moment the 
logical (or rational, or intellectual) motive, as dis- 
tinguished from the practical motive, that prompts 
generalizations from individual cases. The funda- 
mental working idea, or assumption, in question is 
what I c<ill The Principle of the Uniformity of 
ReasonSfjijaA. which I formulate as follows: What- 
ever is regarded as a sufficient reason in any one case 
must be regarded as a sufficient reason in all cases 
of the same type. The force of this principle may 
illustrated by a simple example. Suppose that 
we have secured suitable instances (one positive, 
and one negative instance of the precise t 3 q)e 
required) for the application of the method of 
difference, and we arrive at the conclusion that d 
and 1 .(to u4e our jn-evious symbols) are causally 
oonnect^. Now strictly speakiug (as has been 
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pointed out by hostile critics of the canons of 
induction) the inference warranted (if any inference 
be warranted at all, as these critics would say) 
refers only to the particular case involved, namely, 
in that case d was causally connected with s. How 
do we come to generalize that d and z are always 
causally connected ? The answer is that, wittingly 
or imwittingly, our thought proceeds on the working 
assumption or principle that if as such was really 
the cause or reason of z in one instance (which is 
what the method of difference is supposed to have 
established), then it will always be the cause or 
reason of z. It is this general assumption, applicable 
to all cases of generalization, that is formulated above 
as the Principle of the Uniformity of Reasons. 

§ 5. The Validity of Science. 

Science, like all knowledge, is based partly on 
observation and partly on inference, and both these 
processes are exposed to error. Hallucinations, and 
illusions, and faUacies are common enough to warn 
any sensible person against excessive confidence in 
his views. Even science, in spite of all the caution 
taken in its construction, is not infallible, for, in 
addition to the posable sources of error just indicated, 
there is an element of uncertainty inherent in the 
very character of inductive procedure, which plays 
an all-important rdle in science. Science usually 
proceeds, and rightly proceeds, on the assumption 
that the phenomena which we- observe are probably 
in some sense the products of conditimis operating 
according to laws and regularities of some kind; 

u 
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and the business of science is to discover these 
conditions and laws. The procedure is of the nature 
of what is known as an inverse or reverse process, 
and may be compared, to some extent, with that of 
ascertaining the factors which may have produced 
a certain numerical or algebraic product. To such 
a problem there is usually more than one answer 
possible, and all that can be done is to enumerate 
all the possible answers. The case of natural 
fdienomena is much more difficult. It is not possible, 
in this case, to enumerate all possible answers. The 
purely quantitative part of a suggested natural law 
may be determmed with comparative certainty, 
but the rest of the solution is always hable to chal- 
lenge by a rival solution, if not now, then later on. 
Still, this is no reason for scepticism. One can only 
test hypotheses that have actually been suggested, 
and embrace the one that best survives the ordeal 
of verification. How can one examine hypotheses 
not yet suggested ? One can only cultivate a 
sufficiently open mind to pay due consideration to 
a bett^ hypothesis, if and when it is put forward. 
Generally speaking, an hypothesis that has stood a 
long and severe test only calls for modification, rather 
than for rejection, even when it does eventually 
break down. So the scientific results gradually 
accumulated by generations of workers may well be 
accepted with the confidence that is placed in what 
is highly probable, if not with that absolute certainty 
which is reserved for what is beyond all doubt. The 
uncertsility which attaches evoa to scientific know- 
ledge- has pnnnpted some people to search for a 
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starting-pdnt or principle that is established beyond 
all doubt, and which may serve as the sure foundation 
of further knowledge based upon it. But thb kind 
of Archimedean fulcrum, for the raising of science, 
has not yet been discovered. For the most part, 
observation is regarded as the safest basb of know- 
ledge. In a wide sense the popular proverb “ seeing 
is believing " is commonly endorsed in science as 
well as in everyday life. If we cannot believe what 
we perceive, what shall we believe ? Sdentific 
knowledge consists mainly of what is known from 
observation and what is believed to be inferable 
from what has been observed. Even observation, 
however, is not infallible. It has already been 
indicated that, even apart from hallucination, 
observation or perception usually includes elements 
of interpretation or explanation, which may be 
wrong. The line between what is called observation, 
on the one hand, and avowed explanation, on the 
other, or between so-called facts, on the one hand, 
and avowed theories, on the other, is not always 
easy to draw. The difference between them is 
mostly a difference of degree, rather than a difference 
of kind. Even the rdiability of observation depends 
in a measure on our calling up the correct interpre- 
tative elements to blend with what is given in sense- 
impression ; and we do not always succeed in doing 
so. There would thus appear to be no indubitable 
starting-point for knowledge. But in practical life 
and in science we do not worry about the apparent 
absence of such an immovable foundation. What 
actually happens may be suggested by a parable. 
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The ancient Indians sought for a sure foundation 
for the earth, and so they suggested that the earth 
rested on an dephant. But the elephant likewise, 
it was fdt, needed a sure resting-place, and so it 
was suggested that the dephant stood on a tortoise. 
Now we have long since abandoned this kind of 
search for an elephant or a tortoise on which the 
earth might rest securdy. Wv are quite content 
with the idea that the earth and the other planets 
or indeed all the stars, sustain one another gravi- 
tationally in such a manner that they can all move 
fredy and safdy in their courses, without any risk 
of tumbling dowm. So it is with our beliefs: we 
put our faith in the co-operation or the convergence 
of our observations and other judgments or beliefs. 
We do not suspect all observations simply because 
some of them have proved to be unreliable. For the 
most part, we believe what we observe, and we only 
doubt an observation when it conflicts with other 
experiences. If this is true already of observation, 
it applies with even greater force to inference, and 
especially to the inductive inferences by which 
science is more especially built up. None of the 
inductive methods can be applied so rigorously as 
to escape all cavil, and some of them are not 
very satisfactory at the best. The generaliza- 
tions which rest on the Method of Simple Enumera- 
tion, for instance, always have a low degree of 
probability. The greater the number of observations 
on which they are based, the greater is their proba- 
bility; but the probability is never very high. The 
other inductive methods depend for thdr reliability 
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on our ability to detect all the relevant circiunstances, 
and to vary these as much as possible. Now, the 
investigator may fall short in both these respects. 
In ignoring certain circumstances as irrelevant he 
relies more or less on his previous knowledge of them, 
and that knowledge also is not beyond cavil. Yet, 
it is only by rel3ring on previous knowledge that an 
investigation can be kept within manageable bounds. 
Similarly with the range of variability of all the 
relevant circumstances. The greater the range of 
variation of one relevant circumstance at a time, the 
more probable is the conclusion concerning the 
connection between a certain condition and a 
certain consequent that is based upon it, in accor- 
dance with one or other of the simpler inductive 
methods. But it is rarely possible to vary just one 
relevant circumstance at a time. How then, it may 
be asked, does science ever get a start ? The answer 
is similar to that already given above with reference 
to observation. We rely on the harmony or mutual 
support of the whole of our knowledge. If the new 
conclusion harmonizes with the rest of our knowledge 
or our beliefs we accept it ; if not, we sometimes 
reject it, and sometimes we readjust our previous 
beliefs in such a way that the new belief and the 
refashioned old beliefs should be consistmt. In this 
way, old knowledge promotes the acquiation of new 
knowledge, while the new knowledge hdps either to 
confirm or to correct old beliefs. And, as human 
experience grows more and more extensive, and 
human knowledge becomes mcue and more compre- 
hensive, and embraces vast ranges of experience 



310 INDUCTIVE LOGIC 

colligated into self-consistent ^sterns, which also 
hannonize with one another, so science gains in 
probability, and approximates nearer and nearer to 
certainty, even if it should never quite reach it. 



COKCLUSION 




CHAPTER XXV 


SOME GENERAL PROBLEMS OF INFERENCE 

There are certain general problems in connection with 
inference which may be considered briefly in 
chapter. 

§ I. The Objective Basis of Inference. 

The acts by which we draw inferences are obviously 
mental acts. Suppose for a moment that there were 
no minds capable of thinking, in that case there could 
be no such thing as inference. But this does not mean 
that inference is entirely a subjective matter, entirely 
the product of consciousness. Inference has an 
objective basis, without which it would be no more 
significant than the capricious play of fancy. The 
objective basis of inference is the actual connection 
between things, or events, in the world of reality. A 
typical kind of objective connection between events 
is the causal coimection. And in that case it is obvious 
that the causes of events, when known, become the 
reasons for our inferences. Take away such objective 
causal connections, and human reasoning becomes but 
an idle causerie, or at most an unaccountable habit 
of associating ideas. Valid inference, consequently, 
has a two-fold basis. It presumes objective connections 
in the world of reality ; and it assumes the possibility 
of our somehow apprehending these objective con- 
nections so as to use them as grounds for inferences. 

This at once raises the question of the relation 
between the objective connections between the evmts 
in the world of reality to which our thought refers, 
and the logical connections between our thou^ts 
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when we reason about those events. The usual ten* 
dency to simplify things generally expresses itself in 
this instance in an attempt to reduce either to the other, 
and to recognize one kind of nexus only. On the one 
hand there are the so-called idealists who endeavour 
to reduce the connections between material events to 
logical connections, and so come to regard the universe 
as essentially a structure of ideas (or Ideas, with a 
capital). On the other hand there are the materialists 
who endeavour to reduce the logical connections 
between ideas to causal connections between cerebral 
processes. Philosophers commonly support the former 
vi^, while men of science (if they think about these 
matters at all) usually favour the latter view. There 
are numerous exceptions, of course, in the ranks of 
both philosophers and scientists. There is really very 
little to be said in favour of either of these extreme 
views ; and the whole problem has no special relevance 
for ithe study of Logic as such. The problem pertains 
to 'the Theory of Knowledge, or to Metaphysics 
g^erally. So far as Logic is concerned, there is no 
pdnt in attempting to merge the material nexus in 
the logical, or the logical in the material. The two 
can be regarded simply as co-existent or parallel and 
apparently different. 

Even so it remains true that the s}rstematic character 
of our knowledge is based on the systematic character 
of reality. The more adequately' we endeavour to 
understand anything, the farther must we pursue 
its ramifications in the whole system ol reality, and 
in the end (or ideal iimit) the complete knowle4ge of 
anything (even of the little *' flower in the crannied 
wall,’* on which Tennyson mused) would require a 
knowledge of the entire system of things, which alone. 
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according to Sjonoza, is substance, that is, self-support* 
ing, both objectively and logically. 

§ 2. Inference and the Particular. 

According to some, inference is always from par* 
ticular (or individual) cases to other particular cases, 
and when a general proposition is employed in deduc* 
tive inference, the general proposition serves only as a 
memorandum of individual cases observed, and the 
inference is really from those individual cases, and 
not from the general proposition. On the other hand 
most logicians go to the other extreme and main- 
tain that inference is never from particulars, but always 
from some general or universal character or aspect of 
the particulars in question. 

The controversy is unfortunately complicated by 
various philosophical considerations which are of 
little, if any, logical importance. The main points of 
interest may be set out as follows. 

If by " particular ” is meant an3rthing apprehended 
in such a way as to involve no reference to anything 
general (in other words, in such a way as to involve 
no comparison whatever with anything else, no appre- 
hension of any of its characteristics, or features, or 
qualities as common to it and other things), then 
certainly there is nothing that we think or speak 
about that can be described as particular. The 
apprehension of such particulars, if and when it takes 
place, is inevitably speechless, inarticulate. At that 
stage there can be no suclr thing as the apprehension 
of an object, or event, and its place in any kind of 
objective order. At that stage, therefore, there eSn 
be no such thing as logical isfer^ce, or thought of any 
kind. There can only be some kind of instinctive 
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reaction, or practical orientation, no mote. In fact, 
at that stage, the possibility of forming judgments, 
even the simplest judgments, has not yet emerged. 
For, as has already been explsdned in Chapter II, § 3, 
even the most rudimentary judgment requires at 
least one concept for predicate; and a concept is 
never particular in the sense now supposed. In this 
sense, therefore, it may be said that inference, or indeed, 
thought generally, is not concerned with the particular 
as such. That, however, is not really what is usually 
meant when we speak ab^t the '* particular." 

If, on the other hand, the term "particular" is 
used in an unsophisticated sense, as synonymous 
with " individual " or " singular," that b, as denoting 
thb or that member of a class or kind, then it 
should be obvious from the foregoing chapters that 
some inferences are from particulars to particulars, 
other inferences are from particulars to general pro- 
positions, others are from general propositions to a 
particular case or cases, and yet others are from 
general propositions to general propositions. Thus, 
for instance, the mediate inferences dbcussed in 
Chapter VIII, and inference from circumstantial 
evidence, discussed in Chapter XVI, are certainly in- 
ferences from particulars (in the sense of singular 
propositions, or individual cases), and so are most 
inductive inferences. On the other hand, deductive 
inference proper is inference from general propositions, 
so that neither of the extreme views (usually assodated 
with the name of Mill and hb opponents) b really 
correct. Inferences axe not always frmn particulars 
nor are they always from the general, but they are 
sometimes from the <aie and sometimes from the other, 
and sometimea ftom both 
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What is really characteristic of all reasoning is its 
exploitation of connections. This characteristic is 
perhaps most obvious in the case of inference from 
circumstantial evidence, where we see very clearly, 
even in comparatively simple cases, the feature (d 
interconnection between the circumstances involved, 
and the corresponding convergence and interlinking of 
the evidence which leads to the iitferential construction 
of the complex, sjrstematic whole. In the simpler 
types of inference, sometimes described as " linear " 
inference, the intercoimection is not so marked. But 
the difierence is only one of degree. As already 
remarked earlier in the book, the farther a proUem 
or a discussion is pursued, the more ramified, or 
systematic, does it become, logicians who are com* 
mitted to the extreme view that inference always 
involves something general, or what they call a § ** uni- 
versal," will probably insist that even inference from 
circumstantial evidence involves a universal, only in 
this case it is what they call a " concrete universal,” as 
opposed to an " abstract universal." But to call a 
system a " universal ” is to attempt to save a theory 
by obscming the real issue. 

§ 3. The Principle of Uniformity of Reasons. 

There is a certain fundamental assumption of all 
inference which appears to have escaped attention 
except in so far as to mislead some logicians in their 
conception of the ultimate type of all inference. The 
assumption, or postulate, in question may be formtilated 
as follows/ Whatever is regarded as a sufficient reason 
in any one case must be regarded as a sufficient reason 
in all cases of the same type. Or, to exprea it' nega- 
tively, Nothing can be regarded as a sufficient reason 
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in any one case unless it can also be regarded as a suffi- 
cient reason in all cases of that kind. The principle 
may be regarded as the logical parallel to the Principle 
of tlie Uniformity of Nature but is more comprehensive. 
Phenomena of the same kind exhibit the same kind 
of objective connections. Conclusions of the same 
kind must be explained in the same kind of way. 
At least that is so potentially, for in some cases (for 
instance in most cases of inference from circumstantial 
evidence) we are concerned with what is unique, or not 
likely to happen again. In any case, the principle just 
formulated is the counterpart or complement to the 
principle which lies at the basis of the warning against 
the fallacy known as argumentum a dicto simplicifet 
ad dictum secundum quid, and its converse. The 
objection to this kind of argument is that it involves 
a neglect of the sound maxim that " circumstances 
alter cases.” What is true of cases of a certain general 
type may not be true of cases in which special cir- 
cumstances are operative. Now the converse or the 
complementary principle to it is this : Similar cases 
must be treated in the same way, unless it can be 
shown tliat there are special circumstances requiring 
special consideration. > And that is virtually the 
Principle jff the Uniformity of Reasons formulated 
above. 

Now this principle of the uniformity of reasons is at 
the back of all reasoning. And every attempt made 
to formulate the general principle of any special 
type of inference is made out of deference to the 
principle of the uniformity of reasons. Examples of 
such principles we may find in the dictum de omni et 

< A glimmer of this seems to be visible in some uses of the 
proverb " Whal i$ sauce for goose.is sauce for g.-mder.” 
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nuUo (or its substitutes) in connection with syllogisms 
of Fig. I, or the axiom that " things which are equal 
to the same thing are equal to one another/* and 
so on. Now such general principles are reaUy assump- 
tions at the back of the corresponding types of argu- 
ment ; they are not actual premises of the arguments 
themselves. Failing to grasp this difference between 
an actual premise and a postulate, or principle, some 
logicians have endeavoured to show that all arguments, 
including inductive arguments, etc., are really syllo- 
gistic arguments, and no more. This they can only 
do by treating the relevant postulate as the major 
premise, and the whole of the actual premises as 
minor premise. But if this is carried through con- 
sistently then every ordinary syllogism would really 
be a double syllogism — one as it actually is, and another 
when the general principle of syllogistic inference b 
treated as the major premise, and the actual premises 
are made to function together as minor premise. 
And even then the principle would still be assumed. 
The whole attempt b extravagant. Even if much 
more could be said in its favour than is the case, the 
student of actual inference would still find it far more 
important and profitable to study the differences 
between the main t3q)es of inference than their alleged 
sameness. 

A few words may be added on the relation of the 
principle of uniformity of reasons to the dictum de 
Omni et nullo. In a sense the principle is the reverse of 
the dictum. According to the dictum, whatever can be 
asserted of a type may be asserted of any instance of 
it; according to the principle, whatever can be truly 
asserted of an instance may be asserted of the relevant 
type, and therefore of any other instance of that type. 
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The principle is clearly the more fundamental. The 
dictum gives no indication how general truths may be 
obtained; the principle does. The principle, moreover, 
meets the difficulties felt by empirical logicians like 
Mill, who regard the syllogism, when based on the mere 
dictum, as question-begging. 

§ 4. Concluding Remarks. 

The study of Logic has sometimes been described 
as a kind of refined intellectual game carried out 
according to certain rules. Its value as a mental 
discipline might have been very considerable even 
so. In reality, however, it is as serious a thing as 
life itself. Pursued in the right spirit, the study of 
Logic is an invaluable training in the art of seli- 
critidsm, which is so necessary to the peace and welfare 
of humanity. Some of the world’s profoundest 
thinkers looked to the cultivation of Reason as the 
foundation of the future unity and harmony of man- 
kind. This touching faith in the power of Reason may 
be unseasonable in an age notorious for its cult of 
the Irrational. But, if the Principle of the Uniformity 
of Reasons is properly understood, the justification 
of this faith will become dear, and so will Spinoza’s 
view that " ff is the passions that divide men, Reason 
brings them together.” For it is in accordance with 
this Principle that (as Spinoza says) ” men who seek 
their own welfare under the guidance of Reason desire 
nothing for themselves which they do not wish also 
for the rest of mankind.” And it is the same principle 
which is at the basis of Kant’s formulation of the moral 
law : ” Act in such a way that you can will the maxim 
of your act to beemne a universal law.” 
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NOTE A. 


INTENSION AND EXTENSION OF TERMS 

A GENEEAi. concrete term, like animal, house, triangle, 
etc., refers to a class of things, and the things referred 
to have certain qualities or attributes in common, in 
virtue of which they are regarded as belonging to the 
same class. Now the things to which the term refers 
constitute the extension of that term; the qualities or 
attributes which it suggests constitute its intension. 
Again, of the qualities possessed in common by a class 
of things some are regarded as essential to that class, 
so that no object lacking any one of those qualities 
would be regarded as belonging to that class. What 
these essential qualities are is usually a matter of 
agreement, or convention, among experts in the 
relevant field of study, who enumerate these essential 
qualities in the definition of the term concerned. Such 
essential qualities as are included in the definition of 
a term are commonly described as its conventional 
intension or connotation. In so far as a term suggests 
qualities which do not exactly coincide with those 
constituting its connotation, we speak of them as 
constituting its subjective intension, b^use it may vary 
from individual to individual, and with the same 
individual from time to time. Lastly, we may wish to 
refer to all the qualities actually possessed by a class 
of objects, even those qualities not yet known to us, 
and for this purpose the expression objective intension 
or comprehension may be used. The term denotation is 
commonly used as synonymous with extension, as 
defined aoove, but it is sometimes used with special 
reference to a specified universe of discourse, 
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Generally speaking, there is a rough kind of inverse 
relation between connotation and denotation — as the 
connotation of a term is increased, so the classes of 
objects denoted by it tend to dimini^. For example, 
the term “ triangle ” denotes all kinds of triangles; 
but if we add the qualification (or determinant) 
" equilateral," then we get the term " equilateral 
triangle " which connotes more, but denotes less than 
the term “ triangle.” Conversely, if we want a term 
to denote more classes of things than it does, then we 
must drop part of the connotation. Thiis, for instance, 
if we want to refer to all three-sided figures, then we 
cannot use the term " equilateral triangle," but must 
drop the qualification “ equilateral," and so get less 
connotation and more extension or denotation. Simi- 
larly, if we want to refer, not to English people only, 
but to all the people in their empire, then the term 
“ British ” must be substituted for " English,” thereby 
reducing the connotation and enlarging the denotation. 
The inverse ratio, however, does not always hold good. 
If the qualification “ equiangular ” be added to the 
term " equilateral triangle,” then the connotation is 
enriched, but the extension remains the same. Simi- 
larly, if " equilateral ” or " equiangular " (but not 
both) be omitted from " equiangular equilateral 
triangle," it will make a change in connotation but 
not in denotation. Again, the connotation of the 
terms “ man," “ American," “ Frenchman,” etc., is 
unaffected by fluctuations in the relevant population. 



NOTE B. 


THE LOGICAL SUBJECT OF A SENTENCE 

In order to restate ordinary sentences accurately in 
the appropriate categorical form of proposition it is 
necessary, first of all, to determine the logical subject 
of the sentence. Young students find it rather difficult 
to do so. They generally tend to treat the first noun 
of the sentence as its subject, which is not always 
correct; and sometimes they even pick out a noun 
from a nominal phrase or clause, instead of taking the 
whole phrase or clause, as the term. The following 
suggestions may help them to handle ordinary sentences 
more accurately. 

The subject of a sentence, considered logically (as 
distingui^ed from minute grammatical analysis), may 
be described as the theme of the sentence— what it is 
about. When a context is given, there is no difficulty 
in determining the theme, no matter what the order of 
words may be. The most direct indication of the 
theme is given when we are given the question to which 
the sentence is the answer, for the question states the 
theme. Suppose the question put is, " Who is Mr. 
Roosevelt ? ” The answer given may be, Mr. 
Roosevelt is the President of the United States of 
America.” Obviously the subject of the sentence is 
” Mr. Roosevelt,” and the predicate, or explanation, is 
” the President of the U.S.A.” But, suppose the 
question is, ” Who is the President of the U.S.A. ? ” 
The answer given may still be expressed in the same 
sentence as before. But now the subject and predicate 
are reversed. So that the mere order of terms is not 
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decisive. This kind of thing presents no difficulty when 
the context is given. Usually, however, as a matter of 
economy in printing exercises, the context is not given. 
In that case one cannot alwa}rs be sure what is the 
subject, and what the predicate. But the student can 
always ask himself what question the sentence might 
answer, or what its context might be. By briefly stating 
his view, he can generally justify his logical analysis of 
the sentence. One or two examples may serve as 
illustrations of the way in which such isolated sentences 
^ould be considered. Take the sentence " Time de* 
stro3rs the enthusiasm of people who are immersed in 
routine work." Many young students woula probably 
regard " Time " as the subject, and the rest as the 
predicate. But is " Time " really the theme of the 
sentence? Is it not more likely to be either " people 
who are immersed in routine work," or " the enthusiasm 
of people who are immersed in routine work " ? In the 
former case, which seems preferable, the sentence should 
be restated thus: " All people who are immersed in 
routine work are people whose enthusiasm is destroyed 
in (or by) time.” Similarly, in the sentence, " A man 
shows his real character when he is tempted greatly," 
the thdfhe or subject is not " a man," but " the real 
character of a man"; and the sentence should be 
restated thus: " The real character of a man is revealed 
when he is tempted greatly." Of course, it is also 
possible to be too subtle in this kind of practice. For 
the most part sentences in ordinary use present no 
serious difficulty, as people do, on the whole, tend to put 
the subject first, and in a straightforward way. But 
there are exceptions, and students must avoid a merely 
mechanical treatment of such exercises. 



NOTE C. 


THE QUANTITY AND QUALITY OF SENTENCES 

The four unambiguous propositional forms are not 
frequently used in ordinary speech, nor is it desirable 
that they should be. But the student who cannot 
restate ordinary sentences in one or other of the forms 
SaP, Sep, Sip, Sop, probably does not adequately 
understand the meaning of those sentences. Partly the 
dilhculty may arise from a failure to recognize the terms 
of the sentences. This difficulty has been dealt with 
in Note B. Here it is proposed to indicate some of 
the commoner ways in which differences of quantity 
and quality are expressed in ordinary sentences. 

SaP. Very common substitutes for “ all," " every," 
or " each,” are the words " always,” " invariably," 
" without exception.” For example, " Equilateral 
triangles are always (or invariably, or without excep- 
tion) equiangular " m^ns " All ^uilateral triangles are 
equiangular." More usually, of course, " alwaj’s " and 
" invariably " have other meanings, and the student 
must use his common sense. For instance, " The 
planets are always in motion," does not mean " All the 
planets are in motion," but " All the planets are alwa}rs 
in motion." Here " always ” is strictly an adverb of 
time, not an indication of quantity, and forms part of 
the predicate. 

Another way of indicating SaP is by means of the 
form 5 MMsf be P. For example, the sentence " An 
equilateral triangle must be equiangular " means " All 
equilateral triangles are equiangular," and also conveys 
the suggestion that this can be proved. 
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Still another way of expressing SaP is by means of 
a rhetorical device based on what is known as the 
argument a fortiori (" how much more so *’). For 
instance, the sentence " Even the wisest men are 
fallible ’’ means "All men are fallible," for if the wisest 
are fallible, how much more so the others. Similarly 
with " The longest lane comes to an end,” and so on. 

SeP. The word “ never ” is sometimes used for 
" no.” For example, the statement " Right-angled 
triangles are never equilateral ” means " No right- 
angled triangles are equilateral.” But “ never ” albo, 
and more usually, has the meaning of " at no time,” and 
the two uses of the word must not be confused. The 
sentence " The planets never stop ” docs not mean 
" No planets stop,” but “ All the planets are bodies 
which never stop.” 

S cannot be P is another way of saying SeP. For 
example, " A triangle cannot have two sides together 
equal to the third ” means " No triangle has, etc.,” 
with the additional suggestion that this can be proved. 

Still other ways of expressing universal negative 
propositions are by the use of “ only,” " alone,” or 
“ exclusively ” in affirmative sentences. The fact that 
the sentences ''re affirmative in form usually occasions 
some diffifiidty to beginners. Only S’s are P, S’s alone 
are P, or S’s exclusively are P all mean No non-S’s are P 
or No things other than S’s are P— ^universal negative 
propositions. When the student has learned the 
eductions he will see' that No non-S’s are P implies 
AU P’s are S, so that the above forms can also be 
restated in this way. For example, "Only British 
subjects are British dvil servants ” can be restated as 
" No foreign subjects are British civil servants,” or as 
” All British dvil servants are Biitidi subjects but 
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the aflirmative form is not so close to the original as 
the negative form. 

SiP. Fairly common substitutes for " some " are 
" sometimes,*' “ occasionally,” ” frequently,” etc. For 
instance, " Men sometimes are masters of their fate ” 
means " Some men are masters of their fate ” — fate not 
being a thii^ that the same man can master on some 
occasions and not on others. 

Another form occasionally used to express SiP is 
S may be P. For example, *' A triangle may be scalene ” 
means ” Some triangles are scalene.” The word 
” may ” has, of course, also other meanings, such as 
" to be allowed,” etc. 

SoP. What has just been said about " sometimes,” 
etc., as substitutes for ” .some ” is also relevant here. 
The copula, of course, will in this case be '* are not '* 
instead of " are.” Similarly, ” may not be ” and 
” need not be ” are sometimes used for ” some are 
not.” For example, ” A triangle need not (or may not) 
be equilateral ” means ” Some triangles are not 
equilateral." Of course, “ may not ” and " need not " 
also have other meanings — " not allowed,” and " not 
compelled ” respectively. 

There are certain other ways of expressing SoP which 
many beginners find a little difficult, because the 
sentences appear to be affirmative in form. The types 
of sentence in question are these: Few S's are P, S’s 
are seldom (or rarely) P, or S’s are hardly ever P. They 
all mean Some {or most) S’s are tioi P. The difficulty 
with " few ” is its liability to be confused with “ a few.” 
" A few books are profitable ” means ” Some books 
are profitable”; but "Few books are profitable” 
means " Most books are not profitable." Writers on 
Logic, while agreeing that the above forms {Few S's 
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are P, etc.) mean SoP, generally add that they imply 
in addition also 5tP. ^tthisisnotconect. No doubt 
it happens sometimes, perhaps even frequently, that 
Few S‘s are P, etc., are intended to mean l^th Most S’s 
are not P and Some 5's are P; but not always. For 
example, a person who sa3rs "Few politicians are 
perfectly sincere " certainly means that most of them 
are not; but he may not mean that some of them are 
—he may just want to express himself with moderation. 
This is certainly the case when the words " if any " 
are added to " few,” or " if ever ” to “ seldom ” and 
" rarely.” " Few people, if any, are always randid ” 
just means " Most people are not always candid,” and 
no more. 



NOTE D. 


THE LAW OF CONTRADICTION 

The Law of Contradiction cannot be proved; it is an 
ultimate assumption or postulate. But it can be 
defended effectively. Suppose somebody says, " The 
Law of Contradiction is not true,” then one can say 
to him that, since he does not acknowledge this law, 
there is no reason, so far as he is concerned, why the 
assertions that *' The Law of Contradiction is true " and 
“ The Law of Contradiction is not true ” should not 
both of them be true. So he has no real ground for 
objecting to the view that the Law in question is true. 

Various attempts have been made to undermine the 
Law of Contradiction by showing that there are cases 
in which a proposition may actually imply its own 
contradictory. According to one version of an ancient 
paradox, an Athenian is supposed to say " I am a liar." 
It is then argued that if the statement is true, then he 
is telling the truth, and is therefore not a liar; but if 
the statement is not true, then he is also not a liar. In 
eitlier case, consequently, the proposition implies its 
own contradictory. This is really a feeble argument. 
Even a liar does not tell lies always, so that the question 
whether the Athenian is or is not a liar cannot be 
decided by the truth of the above statement, which 
consequently does not imply its own contradictory. 

A revised version of the above story makes the 
Athenian say, " I am lying.” Now, it is argued, if he 
is lying, then his assertion is true, and consequently he 
is not lying. If he is not lying, then his statement is a 
lie. In either case, therefore, the statement implies its 
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contradictory. This version is more subtle, but no less 
irrelevant. To be lying is to say something which the 
speaker knows to be untrue. The statement " I am 
lying/' in other words, really means “ I say . . . although 
I know it to be untrue." Restated in this way, it is 
obvious that the statement is incomplete, and really 
does not make sufficient sense to enable anybody to say 
whether the speaker is or is not lying. To turn the 
incomplete expression into a proposition, he would 
have to say something like this, "lam lying in sajdng 
that the sun is shining." Now the statement is either 
true or false, and may be judged by reference to the 
relevant facts. If the sun is not shining at the time, 
then the whole proposition is true (the speaker is lying), 
if the sun is actually shming, then the whole statement 
is false (the speaker is not lying) ; but in neither case 
can the assertion be said to imply its contradictory. 



NOTE E. 


UNIVERSE OF DISCOURSE 

By " the universe of discourse ” (or suppositk) is meant 
the sphere of reference to which a remark or discussion 
is intended to apply. The idea is an old one, but was 
first given prominence about the middle of the nine- 
teenth century by Boole and De Morgan, two mathe- 
maticians who were among the founders of Symbolic 
Logic. " The universe of discourse,” Boole wro.te, " is 
sometimes limited to a small portion of the actual 
universe of things, and is sometimes co-extensive with 
it ” {Laws of Thought, Ch. XI). More commonly the 
refeience is ” limited to a smsill portion of the actual 
universe,” and so the expression ” limited universe" is 
sometimes used instead of '* universe of discourse." 
The importance of taking account of the universe of 
discourse lies in the fact that when, as usually happens, 
there is a mutual understanding about the sphere of 
reference, people use elliptic expressions, which, if 
taken literally, would be quite misleading. The same 
word or expression may have quite different meanings 
in different contexts or " universes." When discussii^ 
historical characters, " Shakespeare " will be under- 
stood to refer to the person so named ; when discussing 
portraits, " Shakespeare " will be understood to mean 
" the portrait of Shakespeare " ; when discussing 
literature, " Shakespeare " will be understood to mean 
“ the works of Shakespeare " ; and so on. 

In the course of the nineteenth century, however, 
the term " universe of discour^," or briefly " universe ” 
or " world," acquired a rather different meaning. 



TEXTBOOK OF LOGIC 


334 

Writers referred to " worlds ’’ of illusion, mythology, 
fable, sheer madness, etc., as well as to the world of 
real things, etc. William James, who enumerated a 
considerable number of " worlds," explained that 
" the total world ... is composed of the realities plus 
the fancies and illusions," and that each limited world 
has " its own special and separate style of existence,” 
which, however, may lapse when we cease to attend to 
it {Principles of Psychology, I, Ch, XXI). Except per- 
haps as a description of the psychology of make-believe, 
this kind of view is misleading. Take, for instance, the 
statement ** The wrath of the Homeric gods is terrible.” 
The *' upiverse of discourse " is that of mythology; and 
works on mythology are a part of the real universe. 
What the above statement means is that " the Homeric 
poems describe the gods as terribly wrathful.” The 
significance of the universe of discourse is to remind us 
that the reference is, not to real gods living in a special 
world of their own, but to a literary account of gods in 
whom former ages believed. 

The universe of discourse should always be borne in 
mind in order to avoid mistakes, and unnecessary 
conundrums. In the text of the book attention has 
already been directed to the way in which the meaning 
of negative terms is determined by the ” limited 
universe,” and so on. It is important to bear in mind, 
when dealing with formal inference, that no statement 
can imply anything outside its universe of discourse. 
When dealing with symbols no such universe can be 
indicated. But symbols are not fool-proof, and sjrni- 
bolic manipulation must not be allowed to exonerate 
one from the exercise of common sense. If, for example, 
the subject term, of a proposition denotes the whole 
universe of disconrse, then it is wrong to infer Irom tha 
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assertion <uiything about the contradictory term of the 
subject, because that involves trespassing outside the 
sphere 'of reference. Suppose, e.g., you are giveh the 
proposition “ No novelist has written a completely 
satisfactory novel.” The universe of discourse here is 
that of ” novelists,” because everybody who writes a 
novel is called a novelist. Now the propositional form 
of the sentence is SeP, and formally it has an inverse, 
namely, SiP, which should mean ” Some person who 
is not a novelist has written a completely satisfactory 
novel.” The statement is, not untrue, but just non- 
sense, because all who write novels (of any kind) are 
called “ novelists,” so that no " non-novelist ” writes 
a novel; and the inverse, SiP, just contradicts itself 
in asserting that ” Some person who has not written a 
novel has written a completely satisfactory novel.” 
This comes of wandering outside the universe of 
discourse. (See the author's Studies in Logic, pp. 66 ff., 
for a full historical and critical account of the ” universe 
of discourse.") 



NOTE F. 


EXISTENTIAL IMPORT OF 
CATEGORICAT. PROPOSITIONS 

Writers on Symbolic Logic have given prominence to 
the question whether categorical propositions, or some 
of them, imply the existence of objects denoted by the 
subject term. The problem has become unduly com- 
plicated by various other issues. An adequate dis- 
cussion of the question would take up too much space. 
Moreover, the author has already discussed it very fully 
in his Studies in Logic (Camb. Univ. Press, 1905), which 
may be consulted by those interested in it. Here it will 
be sufficient to indicate briefly some of the main issues. 

The first thing to note is that no proposition can 
imply the existence of things; at most it can only imply 
that the person who asserts it believes in the existence 
of what the subject denotes. It is in this sense that 
the question must be understood. Again, it is obvious 
that, for the most part, people have enough to do to 
think about real things, situations, etc. So that, 
generally speaking, most assertions may be assumed, 
in the absence of any indications to the contrary, to 
concern what the speaker or writer regards as real. 
Still, exceptions do occur. People do consider mere 
plans and possibihties, especially with regard to the 
future, and they do sometimes contemplate " footless 
fancies.” Another consideration which it is important 
to bear in mind at the outset is the meaning of ” exis- 
tence ” or “ reality,” as the whole issue has been 
confused by nebulous views on it. Here it will be 
assumed ^qt 'the terms existence and reality are used 



APPENDIX 


337 

in their strict sense, and not with a variable*, fanciful 
meaning. By a real " ship ” will be meant a ship 
actually constructed of timber, or steel, etc.; not the 
mere idea or plan of a ship. Similarly, a real fairy 
would be one actually living; not a mere story or 
picture of a fairy. And so on. 

Now, it is contended by some writers on Symbolic 
Logic that universal propositions do not imply the 
existence of anything denoted by the subject terms, but 
that particular propositions do. If this were true, then 
the inference of particular conclusions from universal 
premises would be invalid, and this would upset a good 
deal of the teaching of traditional fonnal logic. The 
contention, however, is unwarranted. According to it, 
the proposition *' All equilateral triangles are equi- 
angular ” does not imply any existents; but the pro- 
position " Some triangles are equiangular ” does. Yet 
the objects referred to in both cases are precisely the 
same, because the only triangles which are equiangular 
are the equilateral triangles. Again, suppose tbe 
Admiralty were to Announce that " Some of the 
cruisers for which provisions were made in the last 
budget are not being constructed,” this could obviously 
not be taken to imply that the cruisers in question 
exist. Similarly, when the director of a building 
society, while discussing plans with the architect or 
builder, says, " Some of the houses will be rather 
expensive,” it is obviously not implied that the said 
houses are already, or ever will be, built. But there is 
no need to multiply examples, r There is as little 
justification for alleging that particular propositions 
always imply the existence of their subjects, as for 
alleging that universal propositions do; and the 
writers in question make no sudi claim for the latter. 

y 
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When confronted with examples like the above, the 
answer usually given is that by “ existence " they 
ako mean " conventional existence " in some " uni- 
verse " which need not be part of the real world. But 
this is an evasion of the issue. What is the use of 
contending that the ships or the houses, referred to in 
the above propositions, “ exist in the world of plans 
or designs." This means that " plans of ships " or 
" plans of houses " exist, not the " ships " or " houses." 
Similarly, the contention that fairies exist in the realm 
of fiction means that " literary stories about faiiies " 
exist, not " fairies." If " existence " does not mean 
existence, then it is rather futile to stress the existential 
implication of any statement. 

The plain fact is that, in their attempt to express 
ordinary propositions in forms resembling algebraic 
equations, writers on Symbolic Logic have been 
tempted to distoit the meaning of nearly all proposi- 
tions. SaP is represented by SP = O; SeP, by SP 
= O. But the asseitions, " All men are mortal," " All 
squares are equilateral," etc., attribute certain qualities 
to their subjects, and are not concerned with " immortal 
men " or " qo^-equilateral squares." It is a distortion 
of the facts to say that they merely mean that these 
things don't exist If this kind of reduction were 
carried through consistently, then the statement 
" The rings of Saturn are real " (i.e. not mere appiear- 
ances) would be construed as " No rings of Saturn that 
are not real are real " (SP = O). Of course, nobody 
would be so foolish as to put it that way; but it shows 
the arbitrariness of interpreting all universal proposi- 
tions non-existentially. 

The false step oi putting a merely non-existential 
interpretation upon universal propositions naturally 
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led to the equally false step of imposing a merely 
existential interpretation upon particular propositions, 
as their contradictories. But it is all unjustifiable; 
and if Symbolic Logic, with its mock algebra, cannot 
get on without such misinterpretations, then so much 
the worse for it. Actually, attempts arc being made 
to develop it along different lines. In the meantime, 
there is no need to worry about the validity of particular 
conclusions inferred from universal premises in accord- 
ance with classical Logic. 

Problems of reality, or of agreement with reality, 
cannot be settled in a purely formal manner, but by 
the study of facts. As Kant and other eminent philo- 
sophers have taught long ago, existence cannot be 
inferred from any predications of qualities, or attributes, 
or relations, much less from bare forms. The " formal ” 
consideration of a problem, even a deductive problem, 
is rarely more than a first approach to the real problem. 
Even in mathematics, applied mathematics involves a 
great deal more than pure mathematics. When dealing 
with the actual problems of life or science (as distin- 
guished from merely formal, symbolical manipulations) 
content or subject-matter is at least as important as 
form. 



NOTE O. 


MODAL PROPOSITIONS 

Modal propositions are propositions which, unlike 
ordinary categorical propositions, express not merely 
what is spontaneously believed to be the relation of 
the predicate to the subject, but also some indication 
of further reflection on the justification for asserting 
that relation. There are three t}rpes of modal proposi- 
tions, namely: — 

Apodictic : S must be P for S cannot he P) ; 

Assertoric : S is actually P (or S is actually not P) ; 

Problematic : S may be P (or S may not be P). 

The apodictic proposition expresses the conviction of a 
necessary coimection (or repugnance) between the terms 
S and P. For example, " Equilatend triangles must be 
equiangular ” (or " Right-angled triangles cannot be 
equilateral ”). This type of proposition is frequently 
used when the speaker feels that he can prove that 
5 is (or is not) P, as in the cases cited. Of course, the 
form may abused to deceive others, or even oneself, 
in an environment which demands “ firm convictions.” 
The problematic proposition expresses some uncertainty 
about the relation of P to S, when there is some 
evidence, but not sufficient. For example, *' The sun 
may ^ine to-morrow ” (or “ Smith may not lose his 
post ”). The assertoric Reposition looks usually just 
like an ordinary categorical proposition, but normally 
consists in the re-assertion of a spontaneous (or 
unreflective) categorical proposition after reflection 
caused by sqme kind of challenge. Suppose somebody 
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asserts that ** Astrologers frequently forecast fature 
events accurately.” This may be just an ordinary 
categorical statement. But if he is challenged with the 
question " But how can they? ” and he replies, after 
reflection, “ I don’t know; M actually they do," then 
the categorical has become an assertonc proposition. 

It should be noted that the contradictory of an 
apodictic proposition is a problematic proposition of 
opposite quahty, and vice versa. 

As has already been explained elsewhere, the 
apodictic form is sometimes used to express a universal 
categorical proposition, and the problematic form is 
occasionally used to express a particular categorical 
proposition. Conversely, a particular categorical pro- 
position is sometimes used to express a problematic 
proposition (c/. Note F), 



2 ^ ^ NOTE H. 

PREDICABLES AND CATEGORIES 


The predicables are certain terms which are commonly 
used to indicate the principal ways in which the predi- 
cate of an affirmative proposition may be related to its 
subject. The oldest known list of Predicables dates 
from Aristotle, but it was slightly modified by Pcrph)rry. 
This modified list consists of five terms, namely, genus, 
species, differentia, proprium, accidens. They are 
obtained in this way. When the predicate is not 
essential to the subject, then it is called an “ accidens " 
(or " accident '') of it — e.g. " Some authors are 
wealthy.” It is not essential for an author to be 
wealthy, but just a happy ” accident.” On the other 
hand, the predicate may express something that is 
I'egarded as essential to the subject, so that anything 
of which the predicate could not be affirmed would not 
be called by the subject-term. Now, it the predicate 
is essential to the subject, then there are four possible 
cases, (i) The predicate may denote a class of which 
the subject is a sub-class, e.g. " Rectangles are parallel- 
ograms,” or “ Carriages are conveyances.” ' In such 
cases the predicate is said to be a genus of the subject. 

(2) If the subject is a singular term, and the predicate 
denotes a class of which it is a member, or instance, 
then the predicate is a species, e.g, “ Mr. Roosevelt is 
an American Statesman.” The same predicable is 
applied when th<> predicate is a sub-class of the subject, 
as, e.g. in ” Some parallelograms are rectangles.” 

(3) Again, the predicate may express some attribute of 
the subject whicli distinguishes it from other sub-classes 
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(or species) ol the same genus. In this case the predicate 
is called a differentia — e.g. “ Isosceles triangles have 
two equal sides.” ( 4 ) Lastly, the predicate may express 
some essential attribute different from the preceding 
three, but dedudble from them. It is then called a 
propriutn — e.g. " Equilateral triangles are equiangular.*' 
The predicables are difficult to apply to ordinary 
assertions, or even to scientific propositions other than 
mathematical ones. 

The term accidens, it should be noted, is also used in 
quite another sense, namely, in contrast with substance. 
Whatever can be regaided as existing by itself is 
commonly called a substance or thing; quantities, 
qualities, relations, etc., cannot exist by themselves but 
only in or between things (or substances), so they are 
each described as an accidens, a term which expresses 
this dependence on things. This use of the term 
accidens has arisen in connection with the doctrine of 
Categories, of which the following account is given here 
in order to prevent the rather common confusion 
between Piedicables and Categories, due to the fact 
that both are concerned with predicates, and perhaps 
also to the use of the term " predicament ” for category. 
Category is commonly used as synonymous with class) 
but that is not the sense in which it is employed in 
philosophy. Here it means an ultimate kind ofpr^icate ; 
hence the othei name sometimes used instead of it, 
predicaments (or praedteamenta). The subject was first 
discussed by Aristotle, who drew up a list of ten such 
categories, namely. Substance (or Thing), Quantity, 
Quality, Relation, Place, Time, Position, State, Activity, 
and Passivity (i.e. being acted on). These categories 
were regarded by Aristotle as expressing ultimate modes 
of being as well as ultimate modes of apprehension (or 
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predication). “ Modes of bdng " must not be confused 
udth " things to be a " thing " (or ** substance ") 
is only one mode of being; and all other modes of being 
may exist in one " substance." For example, one may 
predicate of Aristotle that he was a man (substance), 
who lived in Athens (place), in the foiuib century B.c. 
(time), taught philosophy (activity), was accused of 
atheism (passivity), felt alarmed (state), but had friends 
(relation), and so on. The categories were conceived as 
ultimate, in the sense that none of them was regarded 
as reducible to any other category, whereas any deriva- 
tive predicate could be reduced to one or other of the 
categories. The predicate " blue," for instance, can 
be explained as a " colour," and " colour " as a 
"quality”; but "quality" cannot be explained by 
reference to any other, term. Similarly with the other 
categories. 

Various other attempts have been made to draw up 
lists of categories, but none of them is regarded as 
satisfactory. The best known of them is that proposed 
by the philosopher Immanuel Kant (1724-1804). Kant 
did not believe that we can have any knowledge of 
reality as it is in itself, but only of its appearances to 
us. The ultimate kinds of predicates, therefore, express, 
not ultimate ’*modes of being," but only ultimate 
" modes of apprehension," or the most general ways or 
forms in which we apprehend reality Space (Aristotle’s 
" Place ”) and Time were regarded by Kant as two 
such forms of apprehension. He did not call them 
categories, because he arbitrarily restricted this term 
to conceptual forms, whereas Space and Time are 
perceptual forms. Spaces and times are, respectively, 
only parrti of one all-inclusive Space and one all- 
inclusive Time, whareas the categories express Hnds, 



Forms of Propositions. Corresponding Cat^ortes. 

I. Quantity: !• Quantity; 

(a) Singular (This S ts P). («) Unity. 
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of which the relevant objects are instances or members. 
(In a list of ultimate kin^ of predicates this distinction 
is of no great importance.) Kant’s list of categories 
(in his use of the term) is interesting to students of 
Logic because of the way in which Kant derived it. 
Kant had great faith in traditional Logic, and he 
assumed that, since thought is always expressed in 
propositions, the main types of proposition, as classified 
in books on Logic, must correspond to the ultimate 
types of conceptual predication (i.e. categories, in his 
sense). But his pedantic love of symmetry induced him 
to doctor the traditional classification of propositions 
to a slight extent so as to have three sub-classes under 
each principal heading. His list of propositional forms, 
or judgments, and the corresponding categories, is 
given in the accompanying Table, from which it will be 
seen that, if due allowance is made for Space and 
Time, Kant’s list of ultimate kinds of predicates is not 
80 very different from that of Aristotle, 



NOTK I. 


SYMBOLIC LOGIC 

The term “ S3rmbolic Logic ” is now used for a whole 
group of studies variously known as ** Algebra of 
Logic,” " Mathematical Logic,” ” Logistic,” etc. Prac- 
tically all the work in this field has been done by 
mathematicians, whose aims and methods differed 
considerably. In spite of its long history, it cannot be 
said even now that the subject has crystallized into a 
sufficiently coherent and sound body of doctrine 
suitable for beginners in Logic. An attempt to give 
an intelligible and satisfactory account of tlie subject 
would require more space than has been devoted in 
this textbook to the whole of Formal Logic ; and indeed 
there are several much more lengthy accounts of 
Symbolic Logic which have not succeeded in presenting 
the subject satisfactorily. It may be advisable to say 
just a little about Symbolic Logic, because reference has 
been made to it in previous Notes, when repudiating 
some of the attacks on certain doctrines of the tradi- 
tional Formal Logic. But the sole object of this Note 
is to give a general idea of what Symbolic Logic is 
about. Anyb^y who is sufficiently interested to seek 
fuller information about the group of studies in question 
is advised to consult An Jnfroduclion to Symbolic Logic, 
by S. K. Langer (1937)- 

The triumph of abstract reasoning in the field of pure 
mathematics has, throughout the ages, tempted people 
to extend the range of such a priori or deductive 
thinking to other fields. When applied to the explana- 
tion of physical and biological facts this kind of 
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" rationalism ” proved barren; and the pioneers of 
modem science had to stress the importance of observ- 
ing things, instead of merely spinning intellectual yams. 
Mathematics, however, played so important a rdle in 
the new advances of physical science that the old faith 
in the powers of abstract thought maintained itself. 
Descartes' successful and fraitful application of alge- 
braic methods to the study of geometry naturally 
enhanced the reputation of algebraic methods, and the 
idea occurred to several people that the entire field of 
general, formal, or deductive reasoning might be 
fraitfully studied by an extension of algebraic methods. 
This seemed all the more plausible inasmuch as thinkers 
like Thomas Hobbes and others regarded all reasoning 
as a kind of reckoning. Accordingly, various attempts 
were made, in the seventeenth century, to construct a 
kind of generalized art or science of reckoning, so as to 
extend the field of Formal Logic. The most important 
worker in this field at that time was Leibniz, the 
eminent mathematician and philosopher. He made 
three attempts in this direction, but did not .succeed in 
producing anything satisfactory. To apply algebraic 
methods to another branch of mathematics is one thing, 
to extend their range of application beyond mathe- 
matics was a mtfdi more formidable task. 

During the eighteenth century the subject fell into 
abe3rance. Kant, the greatest philosopher of the period, 
was not impressed by the attempts to construct a kind 
of Algebraic Logic; and the respect which he showed 
for the traditional Formal Logic tended to discourage 
any tinkering with it. So nothing much was done in 
this field until about the middle of the nineteenth 
century. 

Augustus de Morgan (1806-78), an English mathema- 
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tidan. in his Formal Logic (1847) and SyUabus of a. 
Proposed System of Logic (i860), etc., attempted to 
extend the sphere of Form^ Logic, and especially of 
the doctiine of the syllogism, by taking into account 
other kinds of relations between the terms of a propo- 
sition than those commonly expressed by the copula 
" is ” (or " are "). He pointed out that the copula in 
any case has several different meanings, for it expresses 
sometimes the identity of objects having different 
names, or simply the identity of certain objects, or, 
again, that one concept has the same content as 
another (c/. p. 51). What is important in all these 
relations is that they are convertible and transitive, for 
it is on these properties that inference depends. But 
there are other kinds of relations having these pro- 
perties, so that other types of inference can be based 
upon them. De Morgan, accordingly, laid the founda- 
tions of what is now commonly known as a Logic of 
Relations. Some of these types of inference have’ 
already been dealt with on pp. 76 f., 83 ff., and need 
not be considered here again. In the subsequent 
treatment of relations the points mainly considered are 
the number of terms related, the symmetry of the relation, 
and its transitiveness. The terms may be two, three, 
or more, though the number may sometimes be arbi- 
trary.f'For instance, in “ Restaurants feed the public,” 
the relation is dyadic •, in " Restaurants provide food 
for the public," it is triadic', in *' Restaurants provide 
food for the benefit of the public,” it is tetradic, A 
symmetric relation is one that is convertible, e.g. if 
“ A is partner of B,” then ” B is a partner of A 
otherwise it is called asymmetric, e.g. if ” A is older than 
B,” then B is not older than A, and so on. The nature 
of transitive relations has alr^dy been explained on 
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pp. 83 f. It should be obvious that the actual character 
of a relation^ip must be determined in eadi case by a 
knowledge of the relevant facts. Symbols can only be 
used to express such a knowledge, not as a substitute 
for it. 

The first moderately successful attempt to construct 
an algebraic, or quasi-algebraic. Logic (or a “ Symbolic 
Logic,” as it was called subsequently) was made by 
George Boole (1815-64), another English mathema- 
tician. He published two important contributions to 
the subject, namely, The Mathematical Analysis of 
Logic, Being an Essay Towards a Calculus of Deductive 
Reasoning (1847), and An Investigation of the Laus of 
Thought on xehich are founded the Mathematical Theories 
of Logic and Probability (1854). Boole employed the 
literal symbols x, y, z, etc., to represent " things as 
subjects of our conceptions”; the signs of operation 
-f-, — , X, for the combination or resolution of concep- 
tions of things “ so as to form new conceptions involving 
the same elements ” ; and the sign = for identity (or 
the equivalent of “ is ”). Thus x may stand for man, 
y for mortal. The plus sign may mean “ and,” also 
" or ” ; for if the class ” men ” ajid the class “ women ” 
are combined (^y, x + z), then the new class consists 
of " men and women,” but you describe any member of 
the combined class as ” a man or woman.” The 
multiplication sign (x) was used to indicate the 
common members of the classes on which it operated, 
e.g. if X represents ” black objects ” and z represents 
" cows," then *z will represent" black cows." Naturally 
**, or **, must always = x in the “ Algebra of Logic," 
for if we select from the class " cows ” those that are 
" cows ” («) the result is just “ cows ” (z). The sub- 
traction sign (— )’he used as equivalent to “ except,” 
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so that z — X could stand for “ all cows except those 
which are black.” He used the numeral i to indicate 
the whole " universe of discourse,” and o to indicate 
that a given class {x or y, etc.) is empty. Thus 1 ~ x 
stood for what is now usually expressed by x. And he 
expressed the Law of Contradiction in the equation 
x(i — x) = o. To indicate an undistributed term the 
symbol v was used, All x‘s are y’s was represented by 
X — vy, whereas AU x’s are all y’s was expressed by 
X = y, Boole’s methods were too complicated to be 
widely acceptable, but he stimulated many other 
mathematicians to continue his attempt to construct a 
comprehensive calculus of deductive inference. 

During the later decades of the nineteenth century, 
E. Schroeder (1841-1902), C. S. Peirce (1839-1914), and 
several others made further attempts to develop an 
Algebra of Logic. In his Symbolic Logic (1881, 2i^ ed. 
1894), John Venn tried to criticize and S3^tematize all 
the results achieved up to his time. This appears to 
have been the first time that the name " Symbolic 
Logic ” was used. Venn used the term “ class ” in the 
sense of a " compartment,” which might be empty 
(what was later called a " null class ”), and he aimed 
at the elaboration of a “ class calculus,” in which all 
propositions were treated as asserting the " existence ” 
(in some ” universe ” or other) or " non-existence ” of 
certain classes denoted by their terms (or the occupation 
or emptiness of the ” compartments ”). Venn repre- 
sented the four familiar types of categorical proposition 
as follows: — (i) All x's are y by xy = 0; (2) No x’s are 
y by xy = o; (3) Some x's are y by xy > 0; (4) Some 
x’s are n<A y by xf >0 (where " > o ” means " dif- 
ferent from, or more than, nothing ”). Having once 
adopted the non-existential interpretation of the 
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universal propositions, it was inevitable that Venn 
should adopt the existential interpretation of the 
particular propositions as the contradictories of the 
universals. Venn was aware that he was doing some- 
thing arbitrary; but he regarded it as a legitimate 
convention for the purpose of his calculus’ and his 
conception of “ classes '* as compartments (or mere 
pigeon-holes), and of “ conventional '' modes of exis- 
tence helped to salve his conscience. 

The four traditional types of categorical proposition, 
however, were not sufficient for a calculus. For, even 
with two terms, say x and y, and the two values o and i 
(as interpreted by Boole) there are sixteen conceivable 
propositions, namely; — 

xy = o xy>o xy = i xy<i 

xy — o xy > 0 xy = i xy < i 

Xy = o Xy > o Xy = I Xy < i 

xy = 0 Xy > 0 Xy = I Xy < i 

(where < i means " does not constitute the whole 
universe of discourse ")• 

Now, with only two relevant terms, say x and y, the 
entire unij^^rse of discourse must be constituted by the 
four combinations xy, xy, Xy, Xy, so that xy xy -f- Xy 
-f Xy I. This renders possible certain substitutions 
for each of the above sixteen propositional forms 
Instead of xy = o, we can say xy -f Xy xy = i. 
Similarly, xy = i can be replaced by xy -f Xy xy 
= o; xy > o, by xy -f Xy -f xy < i; and xy < i, by 
xy -)- Xy -f xy > o; and sp on. 

Venn also attempted to adapt the class calculus to a 
proposition«ll calculus, in which x, y, z, etc., each 
rei»esentS’tte troth of a proposition; X, etc., its falsity; 
X “ the sum-total of possibilities " ; and o “ no possi- 



APPENDIX 


353 

bility." The formula xy + xy + Xy -f- sy = i would 
then mean that “ the truth of both x and y, the truth 
of X only, the truth of y only, and the falsity of both 
X and y between them exhaust all the possibilities.” 

The consideration of the meaning of xy =r o led Venn 
to give an unorthodox meaning to the term ” implica- 
tion.” The meaning of xy = o is that ” All x’s are y ” ; 
and, when x and y stand for two propositions, it means 
that it is impossible for x to be true when y is false, in 
other words, that x implies y, or that " if x is true, then 
y is true.” But now it is possible that y = i, in other 
words, that y constitutes the entire universe of discourse, 
or exhausts all possibilities, so that y is Lidependent of 
X. Venn, accordingly, concluded that " the phrase 
‘ X implies y ' does not imply that the facts concerned 
[when X and y in xy = o represent classes] are known 
to be connected, or that the one proposition is formally 
inferrible from the other.” This use of " implication ” 
has now been widely adopted, and is sometimes 
described as non-formaJ or ” material ” implication. 

The most important contributions towards Symboh’c 
Logic during the past sixty years or so, have also all 
been made by mathematicians. Their chief aim, 
however, has been rather different. They did not seek 
to develop a universal calculus, but to provide a 
perfectly sound foundation for mathematics. This 
branch of S3nnbolic Logic is commonly described as 
Logistic. The chief workers in this field are, or have 
been, R. Dedekind, G. Cantor, G. Frege, G. Peano, 
B. Russell, and A. N. Whitehead. The subject is, of 
course, of great importance for mathematics, but 
hardly concerns students of elementary Logic, though 
some of the teachers of Logic are among the roost 
vociferous camp-followers of the men at arms. 

X 
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One of the recent innovations in the study of 
Symbolic Logic consists in an attempt to turn it all 
into a calculus of propositions. The older writers on 
Symbolic Logic either confined themselves to a calculus 
of classes or tried to develop a calculus of propositions, 
alongside of a calculus of classes. Now, however, the 
tendency is to replace the calculus of classes by a 
calculus of propositions, on the ground that any relation 
between classes is naturally expressed in a proposition. 
If successful, this kind of method would simplify the 
processes of Symbolic Logic. Some people, however, 
still believe that it is better to begin wdth a calculus of 
classes. 

The symbols now used in S 3 nnbolic Logic are much 
more numerous than those used formerly, and some of 
the old ones have had their meaning changed. A few 
examples must suffice here by way of illustration. In 
the class calculus the symbol " < ” now means “ is 
included in,” so that a <b means " All a's are b,” or 

The class a is included in class b”; but when a 
represents an individual and b a class, then " a is b ” 
is expressed hy a eb. The differentiation is due to the 
fact that the relation of an instance to its class is 
different from that of a species to its genus, the latter 
being always a transitive relation, whereas the former 
is not. It is customary to use the earlier letters of the 
alphabet (a, b, c, etc.) to represent classes, and the 
later letters (p, q, r, etc.) for propositions. ''The sign 
for the contradictory of a proposition has also been 
differentiated from that of a class — thus &' means 
class non-a, but p' means the contradictory of the 
proposition p. A similar differentiation has been 
introduced as regards the symbob for implication, the 
sign 3 is used to indicate that one propositiem implies 
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another. Thus '* p o q ” means " p implies q,” but 
a < b means " class a is included in, or implies, b.” 
The sign for '* or " is also different in the case of pro- 
positions from what it is in the case of classes; a + b, 
for classes; but pVq for propositions. The sign for 
logical multiplication is also different in the two cases: 
a X b, or simply ab,for classes, but p.q for propositions 
(p dot q means " both p and q are true ”). Lastly, the 
numeral i still represents the *' universe of discourse,” 
or the class which contains all classes under considera- 
tion; but in the case of proposition it means " true,” 
whereas o still means “ fal^,” in the case of propositions. 

Many or most of the early workers in the field of 
Symbolic Logic dreamed of a potent calculus which 
would make it possible to go through elaborate processes 
of reasoning, and arrive at accurate results, more or 
less mechanically, without thinking of the significance 
of the intermediate stages, after the manner of mathe- 
matics. This idea has now been abandoned by most 
mathematicians in favour of a strictly correct develop 
ment of mathematics. It is well to bear in mind that, 
outside the realm of pure mathematics, sound reasoning 
always requires close attention to the relevant facts, 
and cannot be assured by mere conformity to highly 
abstract symbolic processes. Excessive devotion to the 
manip ulation of symbols sometimes tends to undermine 
common sense, and to lead to the confusion of an 
instrument of truth with truth itself. 

The way in which the method of following mere 
symbolism to what is euphemistically called " its 
logical conclusion " sometimes leads to solemn nonsense 
may be illustrated by reference to a few logistic results, 
which are sometimes uttered with bated breath as 
though th^ were profound mysteries. 
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(i) In Algebra x = x -f o, which is commonly 
paraphrased as meaning that a given quantity remains 
the same if *' nothing " is added to it. The logistician 
assumes that this must have its analogue in his scheme. 
Consequently, since x represents a dass, and o a " null 
class" (i.e. an empty class or compartment), it is 
condud^ that " any dass includes the null class, 
o < X,” whatever this may mean. Actually what the 
algebraic formula means is that " if no addition is 
made to a quantity (this is obviously what is meant by 
" adding ' nothing ' ”), then the quantity remains the 
same." The analogous logistic meaning ^ould be that 
" if no addition is made to a dass, the Hass remains the 
same." There is no justification for refming to this as 
a " paradox." 

The alleged " paradox " can easily be capped by 
another; and it is surprising that this had not been 
noticed before. IIei;p it is. (2) In Algebra x = x — o. 
On the above logistic analogy, this should mean that 
" any class excludes the null class." Putting the two 
" paradoxes " together, it would appear that every class 
both indudes and exdudes the null dass; and some 
logisticians may easily see here additional evidence for 
repudiating the Law of Contradiction (see Note D, 
near the end). Of course, as a matter of common 
sense, what x = x — o really means is that " if no 
subtraction is made from a quantity, or a dass, then 
the quantity, or the class, remains the same," and there 
is nothing " paradoxical " or m3rsterious about it. 

(3) By misapplying the same sort of ingenuity to 
symbols rquesenting propositions (instead of dasses), 
and making use of the above misinteipretation of 
X » X 4- o, some logisticians sdemnfy pctmoonoe the 
new 'mystery that " a false propodtitm implies any 
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other proposition.” Even allowing for the fact that 
" implies ” (as has already been explained above with 
reference to Venn), in Logistic, does not always mean 
what it says, this " paradox of implication ” sounds 
like solemn nonsense. The argument runs as follows. 
Since the ” null class ” is included in any class, we can 
express this in the form of o < x. Now, in the case of 
propositions o means ” false,” and the falsity of p is 
expressed by p'. Hence the propositional equivalent of 
o < X is p' 3 q, that is, any false proposition implies 
any other proposition! As we have already shown 
that o < X is a misinterpretation of x = x + o, it is 
unnecessary to waste time over its propositional 
analogue. The utmost that the alleged '* paradox ” 
can mean is that “ the falsity of a proposition is con- 
sistent with any number of other propositions being 
true or false.” Is this really worth stating? There is 
much more sense and relevancy in the statement of 
traditional Logic thaf the falsity of a proposition 
implies the truth of its contradictory. 

(4) Another logistical pronouncement is to the effect 
that “ any proposition implies a true proposition.” 
This high-sounding conclusion is obtained in the 
following way. Assuming the formulae 0 < x, as 
already eiqilained, and x < i (i.e. that any class x is 
included in the universe of discourse), and giving them 
the analogous propositional interpretation, the following 
propositional formulae are obtained. First, as explained 
^ (3)> P' 0 <!• ^ proposition implies any 

other proposition.” Secondly, p 3 q, that is, “ a true 
proposition implies any other true proposition.” By 
putting the two together the result obtained is that 
" a true proposition is implied by any true or false 
proposition.” or, in other words, " any proposition 
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implies a true proposition." Now, we have already 
rejected the assumed interpretation of o < x, and its 
alleged propositional meaning, and so we reject the 
novel pronouncement based upon them. Moreover, all 
that this " paradox " could mean is that " the truth 
or falsity of any one proposition is consistait with the 
truth of any other proposition." This statement is 
as insignificant as it is sweeping. And, here again, 
traditional Logic is much more to the point in insisting 
that a true proposition must be consistent with other 
true propositions, and that any propositions incon- 
sistent with true propositions must be false. 

The above conundrums have been described by 
logisticians as " paradoxes " in the sense of " surprises." 
For some reason or other some writers seem more 
anxious to spring new surprises than to discover new 
truths. Indeed, some of their attacks on the existing 
Logic seem to be part of this game of springing surprises. 
But this kind of thing can easily over-reach itself, and 
one should not perhaps be altogether surprised at the 
supreme " paradox " of certain Ir^ticians to the 
effect that the whole problem of logically validated 
knowledge is mainly, if not wholly, a matter of 
language I 



NOTE J. 
FALLACIES 


The best way of dealing with Fallacies, that is, invalid 
arguments, is to point out where precisely they violate 
some dehnite logical principle or principles. To discuss 
all possible fallacies would involve going over the whole 
ground of Logic again in order to indicate and name 
the different ways of straying from correct procedure. 
1'liis seems quite unnecessary. But it may be of some 
use to enumerate and explain the more familiar 
designations of the chief types of wrong thinking, as 
these names are frequently used in season and out of 
season. 

The oldest known account of Fallacies was intended 
as a warning against certain tricks of specious argumen- 
tation. Aristotle, accordingly, only enumerated fifteen 
types, which he arranged in two groups, namely (I) those 
which consist in a misleading use of language {in 
BU,ione), and (II) those which are not merely verbal 
{extra dictionem). Group I contained six types. Group 
11 nine types, as follows. 

I. Verbal Fallacies. 

{a) Equivocation, or the ambiguous use of words or 
terms. For example, it is not uncommon for a man 
to describe his opponent's criticisms as " impertinent," 
ostensivtly in the sense of " not pertinent," i.e. irre- 
levant, but wnth the inuendo that they are “ impudent." 
Similarly, the word " all ” may be used in the course 
of the same argument sometimes in the sense of " each " 
and sometimes with the meaning of " all together," 
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Practically every word is ambiguous, but as a rule the 
context mak^ it dear which of its meanings is intended. 

(b) Amphibology (or Amphiboly), or ambiguity in the 
construction of a sentence. For instance, in the state- 
ment " Smith only promised a donation,” the word 
" only ” might refer to “ Smith,” or to " promised,” or 
to ” a donation ” (as distinguished from an annual 
subscription). 

(c) Composition, or using a term collectively (that is, 
for *' all together ”) when it should be used distri- 
butively (that is, for ” one at a time ”). For example, 
the sentence " Members of Parliament exercise little 
influence on foreign policy ” may be true of the indi- 
vidual members, and not of all the members as a body, 
that is, of the whole Parliament. 

(d) Division is the converse of the preceding type of 
fallacy, and consists in the use of a term distiibutively 
when it should be used collectively. For instance, the 
statement ” Englishmen are fond of sport,” may be 
true of the English people as a body, and not of each 
individual Englishman. 

(e) Accent, or distorting the meaning of a sentence by 
wrongly emphasizing some part of it. For example, in 
the assertion " Jones thinks that Smith will succeed,” 
if emphasis is laid on Jones the suggestion may be 
conveyed tKat nobody else thinks so, and if emphasis is 
laid on thinks, there wUl be an insinuation that the 
opinion is not held with much conviction. 

(/) Figure of Speech {figura dictionis). This does not 
mean here a metaphor, but the misinterpretation of an 
expression by supposing that its prefix, or suffix, has the 
same meaning as it has in other cases. For example, 
the terms ” insufficient,”. " inaccurate,” “ inattentive,” 
etc., mean, respectively, “ not sufficient,” ” not accu- 
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mte,” "not attentive,” etc.; " invalnable,” however, 
does not mean " not valuable ” or " worthless,” but 
" very valuable " (so valuable that its value cannot 
be assessed — '' in-valuable ” in this sense). Similarly, 
" manageable,” “ breakable," etc., respectively mean 
" capable of being managed,” “ capable of being 
broken,” etc.; but “readable” means "good to 
read ” (of a book) as well as " legible ” (of hand- 
writing) ; and " desirable ” usually means “ what 
ought to be desired ” or " what it is right to desire.” 

II. Non-Verbal Fallacies. 

(а) Accidens or Accident. This is the confusion of 
the accidental with the essential. For example, one 
may know a person quite well, in spite of failing to 
recognize him when he is in disguise, or dressed, or 
made up, in some unusual way. (c/. Note H.) 

(б) A dicto simpliciter ad dictum secundum quid, or 
arguing from a general rule to a special case, without 
allowing for the special circumstances. For example, 
generally it is a crime to kill anybody; but the legal 
execution of criminals, and the destruction of enemy 
soldiers in wartime, present special circumstances, and 
" circumstances alter cases.” Similarly, it is generally 
right for people to be allowed freedom of speech. But 
can it be rightly claimed by those who want to exploit 
this right in order to establish a regime which would 
deprive all others of such, and even more basic, rights? 

(c) A dicto secundum quid ad dictum simpliciter. This 
is the converse of the preceding ty^ of fallacy, and 
consists in arguing from what holds good in special 
drcumstances to a general rule in which those circum- 
stances axe ignored. For example, the fact that certain 
things (e.g. the destruction of enemy life and property. 
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etc.) are allowed in the special circumstances of warfare, 
is no ground for allowing them in peace time. 

(d) PetUio Principii or Begging the Question. This 
fallacy consists in assuming a " principle,” that is, a 
general proposition, which, if true, would justify the 
desired conclusion, but which one has no right to 
assume. For example, it is sometimes argued that it 
is wrong to tax tea and beer, because that is to tax 
the food of the working classes. The tacit or explicit 
assumption made is that ” all taxes on the food of the 
working classes is wrong but the assumption needs 
adeqriate justification, and some definition of its limits. 

Reference may be made to J. S. Mill’s criticism of the 
^Uogism as committing the fallacy of petitio principii 
{System 0/ Logie, II, Ch. III). He argued that in the 
syllogism MaP, SaM, SaP, the major premise MaP 
is unwarranted if it is not known already that the S’s 
(which are all M) are all P {SaP). So that the truth of 
the conclusion, so far from being inferrible from the 
major premise, is actually required in support of the 
major premise, which would be unwarranted without 
it. The criticism assumes that the major premise 
{MaP) is always obtained by an enumeration of all the 
relevant instances. But that is a mistake. Inductive 
generalization are usually obtained from an examina- 
tion of a few suitable instances, and are then applied 
to innumerable new instances. Moreover, many major 
premises consist of laws or regulations prescribed by 
legislative bodies. It would be absurd to suggest that 
the relevant cases have all been dealt with before the 
laws or regulations have been enacted. Obviously the 
laws or rules are laid down before they are applied to 
relevant cases. 

{e) Circulus in Demonstrafido or Arguing in a Circle. 
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This fallacy consists in using an unproved premise to 
prove a concluaon, which is then used to justify the 
premise. For example, if one contends that china is 
better than earthenware, because it is made of a better 
kind of day, and, when asked why the clay is better, he 
argues that it is better because it is used to make china, 
whereas the inferior clay is u‘'ed to make earthenware, 
then he is atguin*' in a circle, as just defined. China is 
better than earthenware because it is made of better 
day; and the clay is better, because china is better 
than earthenware. 

(/) Consequens or Consequent. This fallacy consists 
in assuming that a proposition of the form If S is M, 
it is P always implies the proposition If S is P,itisM. 
But that is not the case. See p. 122. 

(g) Many Questions or Plures Interrogationes. This 
is a sophistical catch, which insists on a simple " Yes " 
or " No," in answer to a question that is not simple, 
but indudes an unwarranted assumption, which cannot 
be touched by a plain " yes ” or " no." For example, 
suppose the question is, " Are you stiU neglecting your 
work? " then even the answer " No" will lea^^e the 
impression that you were formerly in the habit of 
neglecting your work. If that is not the case, then 
another question should have been put first, namely, 
" Did you ever neglect your work? " The putting of 
the above question tadtly assumes that this question 
had already been answered in the affirmative. Hence 
the name " many questions." 

(h) Non causa pro causa or giving a bad reason. 
Causa here means reason (as in because), not cause. 
It is also sometimes called Non sequitur, or " inconse- 
quence." This fallacy is essentially the same as the 
next. 
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(*) Ignoratio EUnchi or IrreUvafii ArgumeM. This 
fallacy arises from overlooking or ignoring what it is 
that has to be proved, or the real point at issue. I >r 
example, if a candidate claims that he is entitled t( a 
University Degree, it is not relevant for him to pie id 
that he has been working under difficult conditions; 
he must show that he has acquired the requisite 
qualifications. The varieties of irrelevancy are too 
many for exhaustive enumeration. But some of them 
have acquired sufficient notoriety to have special names 
assigned to them. These may be mentioned, and 
briefly explained here. 

(i) Argumentum ad hominem consists in abusing 
the opponent instead of reasoning with him. It is 
illustrated in the legal story: "No case. Abuse the 
plaintiff’s attorney." 

(a) Argumentum ad populum consists in appealing 
to the passions or sentiments of the audience, instead 
of rationally justifying the policy urged. It is a 
favourite method of demagogues. 

(3) Argumentum ad bacuhtm consists in using the 
big stick against an opponent, or putting the pistol 
to his head, instead of reasoning with him. This 
kind of " argument ” is greatly favoured by dictators 
and gangsters* 

(4) Argumentum ad vere<nmdiamcon^tsmstiaxtdn% 
people into submission, on the ground of the fame or 
authority of those who already accept the view 
advocated, instead of offering adequate evidence in 
support of it. 

(5) Argumentum ad ignorantiam consists in elicit- 
ing the ignorance of the audience, and telling them 
mere fairy tales, or even less reputable fictions. 
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As has already been stated above, the ori ginal 
discussion of the foregoing list of fallacies was mainly 
intended as a warning against sophistical talkers. 
With the growing interest in the study of Logic, and 
the formulation of the various rules of correct thinking , 
attention was naturally directed to all violations of 
these rules, any such violation constituting a fallacy. 
In the circumstances, a new grouping of fallacies 
suggested itself, namely, into those which come within 
the province of Formal Logic, and those which come 
within the province of Inductive Logic. For the sake 
of brevity these may be named respectively Formal 
Fallacies, and Material or Inductive Fallacies. But 
there is no point in going over the whole ground again. 
We dial], accordingly, confine oiu: attention here to 
those fallacies which have been given special names, 
and are not included in the above list. 

A. Formal Fallacies. 

(a) Illicit Conversion consists in converting SaP into 
PoS, or SoP into PoS. See p. 67. 

(b) Four Terms, or having four terms in a syllogism 
instead of three. This fallacy usually results from the 
emplo3mient of an ambiguous middle term, which gives 
the appearance of a three-term syllogism, when there 
are really four distinct terms and no syllojdsm. For 
example: 

" No gentleman makes impertinent criticisms; 

" A. B. has made impertinent criticisms; 

" Therefore A. B. is not a gentleman." 

But if " impertinent ” means " impudent " or " offen- 
sive” in the major premise, and "irrelevant" in the 
minor premise, then thei:e are four terms, and no real 
middle term. 
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(c) Undistributed Middle, or the fallacy of using a 
syllogism in which the middle term is not distributed. 
See p. 89. 

(d) Illicit Major, or the fallacy of drawing a negative 
conclusion in a syllogism (and so distributing the major 
term) when the major term is undistributed in the 
major premise. See p. 92. 

(«) lUicU Minor, or the fallacy of drawing a universal 
conclusion in a syllogism (and so distributing the minor 
term) when the minor term is undistributed in the 
minor premise. See p. 92. 

(/) Affirming the Consequent is the fallacy of positing 
(or accepting), in the minor premise of a mixed hypo- 
thetical syllogism, the consequent of the hypothetical 
major premise, and then positing, in the condusion, the 
antecedent of the major premise. Thus, 1 / S is M it 
is P ; S is P ; therefore S is M. It is essentially the 
same fallacy as that of Consequens, explained above. 
See also p. 122. 


B. Material or Inductive Fallacies. 

(а) Non-observation, the failure to observe, or to take 
into account, some fact that is relevant to the investi- 
gation, as e.g.^when investigating an outbreak of 
t]q>hoid, it is not observed that the water-supply is 
contaminated, or that some employ^ connected with 
the water-works is a tjrphoid carrier. 

(б) Mat-observation, or < seeing things wrongly, mis- 
ta^g one thing for another, as e.g. when a doctor 
mistakes the symptoms of one illness for the s)miptoms 
of another. 

(c) Pod hoc ergo proper hoc (*' after this, therefore 
bemuse of it '')> mistaking mere sequence for causal 



APPENDIX 367 

connection, without satisfying the methods of induction. 
See p. 210. 

(d) Cum hoc ergo propter hoc (“ with this, therefore 
because of it mistaking the concurrence of certain 
events or conditions for causal connections, without a 
satisfactory application of inductive methods. See 
p. 210. 

(«) Non ceteris paribus (" not simUai in other re- 
spects ’’) is the fallacy of applying the Method of 
Difference to positive and negative instances whicii are 
not similar in other rc:>pects. See pp. 209 f. 







Exercises on Chapter I 

a. Give a simple account of the scope of Logic. 

b. What is the difference between immediate and 

derived judgments? Give three examples of each. 
e. Explain the relation between the following terms: 
belief, knowledge, mere bdief. Give two examples 
of each. 

d. Explain the difference between a true judgment and 
a valid inference. Illustrate your answer, and 
state with which of the two Logic is concerned, 
and why. 

i What is meant by the /oma/isw of Logic? 

/. What is meant by science and scientific attitude} 
Examine the question whether History is a 
science. 

g. Describe briefly the two principal types of reason- 

ing. 

h. What is meant by a scientific method} Distinguish 

between the technical and the logical methods 
of science. 

i. For what educational purpose or purposes is Logic 

studied ? 

j. Describe the chief di^ isions of Logic. 


Exercises on Chapter II 

a. What is meant bya proposition} How is it related 

to belief and thought! 

b. What is meant by the implication of propositions. 

and how is it related to the problem of inference} 

c. Describe the way in which thought serves as an 

aid to human orientation. 

d. What is meant by the terms of a judgment (or 
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proposition), and what is the difference between 
the subject and the predicate} 
e. Explain the form and meaning of impersonal 
propositions. Is there such a thing as an imper- 
sonal judgment} Give reasons for your view. 

Exercises om Chapter III 

a. 'What is meant by the form of a proposition? 
Illustrate your answer. 

h. What is the character of a categorical proposition? 
Give examples. 

c. What is meant by the quality of a categorical 

proposition, and what are its varieties? Give 
examples. 

d. Explain carefully, and with the aid of suitable 

illustrations, in what sense the difference between 
affirmative and negative propositions is funda- 
mental, and in what sense it is mainly a matter 
of convenience. 

a. Why is a genuine question not a proposition? 

/. Some questions are only rhetorical questions: they 
are not intended to suh but to cmvey definite 
opinions, and are therefore propositions. Ex- 
plain, and give examples. 

g. What is meant by the quantity of categorical pro- 

positions, and what are its varieties? Give 
examples. 

h. Explain and illustrate the difference between a 

singular proposition and a general proposition. 

%. Distinguish between a universal proposition and a 
particular proposition, and riiow in what way 
particular propositions are indefinite or indeter- 
minate. 
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j. Draw up a Table of Categorical Propositions, and 

^ow how the four forms A, £, I, O are obtained. 

k. Express the following sentences in the appropriate 

forms of categorical propositions, adding the 
symbolic form in each case. The first ei^t 
sentences are worked out by way of illustration. 
(I^ What mail has done man can do. 

[All things that man has done are things that 
man can do. SaP.] 

(а) Plays cannot be judged by merely reading 

them. 

[iy^o plays are things that can be judged hy 
mere reading. 5 «P.] 

(3) Most words are infected with vagueness. 
[Some words are vague. SiP.] 

(4) What is not considered proper is not always 

wrong. 

[Some things not considered proper are not 
wrong. SoP.] 

(5) What mortal has no cause for regret? 

[AU mortals are beings who have some cause 
for regret. SaP.] 

(б) Very few cultured people, if any, are brutal. 
[Some cultured people are not brutal. SoP.] 

(7) In the last reckoning only character resdly 

matters. 

[All that matters in the last reckoning is 
character. SaP.] 

(8) Even the longest lived man is not immortaL 
[No man is immortal. SeP.] 

(9) All concerted action involves subordination. 

(10) People who do not cultivate the art of 

kindly speech can only scold. 

(xx) An unhappy housdiold is not a good nursery. 
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(X2) The properly trained humar being is never 
superfluous. 

(13) Many erroneous opinions are held with 

strong conviction. 

(14) Books on history sometimes throw more 

light on their authors than on their 
subject matter. 

(X5) Where there is no .vision the people peri^. 
(16) Those who prepare themselves for respon- 
sible positions rarely fail to get them 
(xy) Few (if any) self-centred people make a 
success of life. 

(x8) Members of large families get on in the world. 

(19) Man is betrayed by what is false in him. 

(20) Even the right to govern ourselves badly is 

worth fighting for. 

(ax) Only men accustomed to look at all sides 
of a question can be scientific. 

(22) Who does not feel annoyed when his preju- 

dices are challenged? 

(23) Very few couples (if any) can live in a single 

room without quarrelling. 

(24) CMte cannot put old heads on young shoulders. 

(25) People who live in communities are more 

sociable than those who live in small 
families. 

(26) What do they know of England who only 

England know? 

(27) That’s a bad sort of education that makes 

folks unreasonable. 

(28) ** No good is certain, but the steadf^ mind. 

The undivided will to seek the good.” 

(29) Cmef, when there is no bitterness in it, is 

soothed by time. 
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(30) What makes and maintains a State is the 

idea of a common good. 

(31) The eye only sees what the mind ^an 

recognize. 

(32) What people want is seldom what would 

satisfy them if they got it. 

(33) Time wears out the enthusiasm which is not 

converted into action. 

(34) What a thing is when its growth is com- 

pleted, that is its nature. 

(35) The maintenance of justice is the .supreme 

end of the law. 

(36) The greatest pleasures which men can have 

in this world are those of discovering new 
truths and shaking off old prejudices. 

(37) The strongest memory is no consolation for 

a weak intelligence. 

(38) Medical students are only crammed into 

stupidity when they are not taught 
scientific method. 

(39) It is the lot of a specialist to learn mwc 

and more about less and less. 

(40) The problems of philosophy are the problems 

which the sciences ignore. 

(41) In intellectual morality the fundamental 

virtue is patience. 

(42) Those who will only study what they con- 

sider useful generally end by being of no 
use for anything. 

(43) People who do not shirk the discipline of 

special training do not put their trust in 
mere common sense: 

(44) It only makes people lazy and incompetent 

if you do ever3rthing for them. 



376 TEXTBOOK OF LOGIC 

(45) Even the strongest convictions, if unproved, 

are not reliable. 

(46) More people are influenced by rhetoric than 

by logic. 

(47) What is not permanent may yet be real. 

(48) Ideas exercise an influence even when they 

are erroneous. 

(49) He who does not increase his knowledge 

decreases it. 

(50) Even those who know that they cannot 

complete their task are not free to desist 
from it. 

/. What is meant by a distributed term} Describe 
the distribution of terms in the four types of 
categorical propositions. 

m. Formulate and explain the general rule of formal 
inference relating to the distribution of terms. 

Exercises on Chapter IV 

a. What is meant by immediate inference and what 

are its main kinds? 

b. Formulate the Law of Contradiction and give an 

illustration of its application. 
e. Formulate the Law of Excluded Middle and give 
an example of its application. 
i. What is meant by the opposition of proposUionsl 
e. Give and explain the Square of Opposition. 

/. If it is assumed that AU planets move in elliptic 
orbits, what other propositions (having tl^e same 
terms) are true, (ii) false, (iii) uncertain? 
g. Supposing twt No equilateral triangles are right- 
angled, what other propositions (having the 
samf terms) are (i) true, (ii) faiat, (iii) uncertain? 
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h. Assuming that Some hard workers are unsuccessful, 
what other propositions are (i) true, (ii) false, 
(iii) uncertain? 

t. If it is supposed that Some worthy people are not 
popular, what other propositions are (i) true, 
(ii) false, (iii) uncertain? 

j. Answer question / on the assumption that the 

given assertion is false. 

k. Answer question g on the assumption that the 

given assertion b false. 

l. Answer question h on the assumption that the 

given assertion is false. 

fn. Answer question i on the assumption that the 
given assertion is false. 

». State the contradictory and (where possible) the 
contrary of the sentences given under k in the 
exercises on Chapter III. 

Exercises oh Chapter V 

a. Wlyat are contradictory terms, and how are they 

syn^bolized? Give examples. 

b. Given the symbob P and P, b it possible to tell 

which of them stands for a positive term and 
which for a negative term ? Justify your 
answer. 

c. What is meant by the obverse of a proposition? 

d. Show by what law of thought an obverse b 

obtained from each type of categorical propo- 
sition. 

e. Give the obverse of each of the sentences given 

under k in the exercises on Chapter III. The 
first four of them are worked out here 1^ way 
of illustration. 
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(i) The logical form is SaP. The obverse of 
this is SeP. Hence, No things that man 
has done are things that man cannot do. 

{2) The logical form is SeP. The > obverse of 
this is SaP. Hence, AU plays are things 
that cannot be judged by mere reading. 

(3) The logical form is SiP. The obverse of 

this is SoP. Hence, Some words are not 
precise in their meaning [or Some words 
are not other than vague\. 

(4) The logical Jorm b SoP. The obverse of 

this is SiP. Hence, Some things not con- 
sidered proper are proper. 

f. What is meant by the converse of a proposition? 

g. Explain how the converse is obtained from the 

proposjtbnal forms SeP, SiP, SaP. 

h. Why has SoP no converse? 

». Give the converse, if possible, of the sentences 
given under k in the exercises on Chapter III. 
The first four of them are dealt with here by 
way of illustration. 

(i) The logical form is SaP. The converse of 
this is PiS. Hence, Some things that man 
ct^ do are what man has done. 

(a) The logical form is SeP. The converse of 
this is PeS. Hence, No things that can be 
judged by mere reading are plays. 

(3) The logical form is SiP. The converse of 

this is PiS. Hence, Some vague things 
[or thirds infected with vagueness] are 
words. 

(4) The logical form is SoP, which lias no 

converse. 
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Exercises oh Chapter VI 

a. What is meant by the contrapositive of a propo- 

sition? 

b. State the contrapositive, if possible, of the sentences 

given under k in the exercises on Chapter III. 
The first four of them are dealt with here as 
examples. 

(1) The logical form is SaP. Its contrapositive 

is PeS. Hence, No thing that man cannot 
do is a thit^ UuU man has done. 

(2) The logical form is SeP. Its contrapositive 

is PiS. Hence, Some things that cannot 
be judged by mere reading are plays. 

(3) The logical form is SiP, which has no contra- 

positive. 

(4) The logical form is SoP. Its contrapositive 

is PiS. Hence, Some proper things are 
things not considered proper. 

c. What is meant by the inverse of a proposition ? 

d. Give the inverse, where possible, of the sentences 

given under k in the exercises to Chapter III. 
The first four of them are worked out here as 
illustrations. 

(1) The logical form is SaP. Its inverse is SoP. 

Hence, Some things that man has not done 
are not things that man can do. ' _ 

(2) The logical form is SeP. Its inverse is SiP. 

Hence, Some things other than plays [are 
things that] can be judged by mere reading 

(3) The logical form is SiP. This has no 

inverse. 

(4) The logical form is SoP, whic*> has no 

inverse. 
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0. Show the exact form of the following argu- 
ment: — 

life means action. So when we cease to 
do, we cease to live. 

/. Explain the precise form of the false conclusion 
referred to in the following passage: — 

We all like to think that what we are 
interested in is important. From this we 
are apt to conclude falsely that what we are 
not interested in is unimportant. 
g. Show the mutual relation of the two main asser- 
tions in the following lines: — 

At last he fell ill, as old chronicles tell. 

And then, as folks said, he was not very well." 

Exercises on CHAPiEa VII 

a. What is meant by material contraries? 

b. Give the material contraries of the following 

statements: — 

(1) Platinum is the most precious metal. 

(2) Honesty is the best policy. 

(3) The discovery of a new truth is a most 

stigiulating experience. 

(4) Prejudice is the worst enemy of science. 

(5) Greed is the chief hindrance to honesty. 

(6) The quickest way is the shortest. 

c. Give the formal and material contraries of the 

following: — 

(1) All conventions«are useful. 

(2) Profound books are always obscure. 

(3) Masterful people are difiicult to get on 

with.. ■ 

(4) All caj)aj}l6 people are successful. 
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(5) Everyone who is imprudent is unhappy. 

(6) Whatever is just is expedient. 

d. How exactly are the material contraries of the 

sentences in the preceding question related to 
the formal contraries? 

e. What is meant by matmal contradictories} 

f. Give the formal and material contradictories of the 

sentences in question c, and explain their re]a> 
tion to one another. 

g. Why does the statement Squares are rectangles 

imply the proposition Squares are parallelo- 
grams, whereas the statement Squares are not 
triangles does not imply that Squares are not 
plane rectilinear figures} 

h. Why does the sentence Circles are not rectilinear 

figures imply that Circles are not quadrilaterals, 
whereas the statement Squares are quadri- 
laterals does imply that Squares are rectilinear 
J^ures} 

i. What is meant by immediate inference by converse 

relation} 

j. Illustrate the difference between the correlative of 

a proposition and its converse. 

k. Give the correlative and the converse of the follow* 

ing:— 

(1) Good articles are alwa3rs cheaper than bad 

ones. 

(2) Horse carriages are older than motor cars. 

(3) Life is more than mere existence. 

(4) Knowledge is better than choice gold. 

(5) Mars is much nearer the earth than is 

Uranus. 

I Explain immediate inference by complication of 
terms, and give examples. 
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Exercises on Cpapter VIII 

a. 'What is meant by mediate inference} 

b. Name and describe the three propositions arhicb 

constitute a mediate inference. 
e. Why do two negative premises warrant no con- 
clusion? 

d. Why must the conclusion be affirmative when both 

premises are affirmative? 

e. 'Why must the conclusion be negative if one premise 

is negative? 

/. Why must there be a negative premise if we want 
to draw a negative conclusion? 

g. Why must the points referred to in the two pre- 

ceding questions («, f) be proved separately? 
Does not either imply the other? 

h. Point out the conclusion, the premises, and the 

middle term in each of the following argu- 
ments; — 

(1) 'What is most necessary for life costs nothing. 

For air is most necessary for life, and it 
costs nothing. 

(2) The earth's nearest luminary shines by 

reflected light. For the moon shines by 
<«eflected light, and it is nearest to the earth. 

(3) Knowledge is power, because knowledge is 

foresight, and foresight is power. 

4) To have wants is to have hopes, and to have 
hopes is to be on the way of progress. 
To have wants is, therefore, to be on the 
way of progress. 

(5) The surest way to keep friends is to take a 
re^ interest in them. For the surest way 
to keep them is to appear interested in 
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them, and the way to appear interested in* 
them is to be really interested in them. 

(6) The moon is not seli-luminous, yet sheds 
much light. So a luminary need not be 
self-luminous. 

t. Explain the character of transitive relations, and 
give examples. 

j. What is meant by dovetail relations} Give ex- 
amples. 

k State what conclusion you would draw in each ot 
the following cases, and give your reasons : — 

(1) The line AB is equal to BC ; and AC is equal 

to BC. 

(2) The area of ABC is greater than the area of 

ABD, and the area of ABD is greater than 
that of EFG. 

(3) Lady A is the sister of Daine li, and Mrs. C 

is the sister of Dame B. 

(4) X is less intelligent than Y, and Y than Z. 

(5) Lord A is the brother-in-law of Dame B, 

and Miss B is the daughter of Dame B. 

(6) A is due south of B, and C is due east of A. 

(7) The secure riveting of the plates of ships, 

tanks, etc., depends on the honesty of 
the riveters; and the lives of many men 
hang on such secure riveting. 

(8) A is a co-director of B, and B of C. 

(9) B is to the right of A, and so is C. 

(10) S is a cousin of M, and so is P. 

Exercises on Chapter IX 

a Explain the terms major premise and minor 
Remise. 
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h. Why must the middle term be distributed once 
at least? 

c. Which terms must be distributed in the premises 

to warrant (i) a universal conclusion, (ii) a 
conclusion? Give reasons. 

d. Point out the minor premise and the major premise 

in each of the arguments given under h in the 
exercises on Chapter VIII. 

e. Show that unless one premise is universal no valid 

conclusion can be inferred. 

/. Prove that unless both premises are universal only 
a particular conclusion (if any) can be drawn. 

g. Show that no valid conclusion can be inferred 

when the major premise is particular unless the 
minor premise is affirmative. 

h. Explain, by reference to the general rules of 

mediate inference, why the following combina- 
tions of premises (in which the first symbol 
represents the major premise, the second the 
minor premise) cannot warrant a conclusion: 
EE, EO, OE, 00, II, 10, 01, IE. 

Exercises on Chapter X 

a. Explain tfie terms syllogism and deduction, and 

their relation to mediate inference. 

b. Give examples of arguments which are (i) both 

deductive and syllogistic, (ii) deductive but not 
syllogistic, (iii) syllogistic but not deductive. 

c. What is meant by the figure of a syllogism, and 

what are the different figures? 

d. What is meant by the mood of a syllogism, and 

what is the relation between the moods and the 
figure of the syllogism? 
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e. ^how how to ascertain what combination of 

premises is likely to warrant a conclusion in 
some figure or other, without determining which. 

/. Show how to determine the valid moods of 

Figure II. 

g. Show how to determine the valid moods of 

Figure IV. 

A. Explain the derivation of the Special Rules of 
Figure I. 

i. Explain the derivation of the Special Rules of 
Figure III. 

y. Why cannot an O proposition be used as a premise 
in Figures I and IV? 

A. Re-state the following arguments in such a way 
as to make their logical forms clear. State the 
major premise first, then the minor premise, 
then the conclusion; add the symbolic scheme 
at the side; and if you consider the conclusion 
invalid, say so, and give reasons. The first 
three arguments are dealt with here by way of 
examples. 

(1) Karl Marx died unsatisfied. For he was a 

philosopher, and philosophers always die 
unsatisfied. 

[All philosophers die unsatisfied, MaP 

Karl Marx was a philospher, SaM 

/. Karl Marx died unsatisfied. 5 aP] 

(2) Only enterprising people get on. So Jones 

did not get on, for he was not enter- 


prising. 

[All who get on are enterprising, PaM 
Jones was not enterprising, SeM 

Jones did not get on. SeP] 

(3) Those who achieve great ends are .happy. 


BB 
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Hence ]roung people cannot be happy, for 
great ends cannot be realized in youth. 
[All who achieve great ends are 
happy, AfaP 

No young people achieve great 
ends, SeM 

No young people are happy. .*. SeP 
Fallacious conclusion. It distributes the 
major term, although this is not dis- 
tributed in the major premise.] 

(4) Smith is an optimist, and therefore patient, 

as all optimists are. 

(5) Jones is incapable of making anybody 

happy. He has no capacity for enjoy- 
ment, and such people never can make 
anybody happy. 

(6) Most poets live in a world of dreams, and 

therefore ignore the evils of reality, as do 
all people who live in a dream world. 

(7) Relativity and the quantum theory baffle 

common sense, and so are repellent to 
common people, as are all new ideas that 
baffle common sense. 

(8) ^me people who have all the duties of 

British subjects have not got all their 
privileges. For naturalized British sub- 
jects incur all the duties of their status, 
but are not admitted to the privileges of 
civil service appointments. 

(9) Agreeable companions do not ask questions 

or make criticisms. Hence animals are 
agreeable companions, for they do neither. 

(10) This metal cannot be silver. For it is not 
. soluble in nitric add, as diver is. 
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(zi)-(i6) Deal in the same way with the ai]g;u- 
ments given tmder h in the exercises on 
Chapter VIII. 

(i 7)-(26) Deal in the same way with the argu- 
ments (when completed) given under k in 
the exercises on Chapter VIII. 

(27) How dd you distinguish between qualitative 

and quantitative dedi*ction 7 

(28) Give three examples of quantitative deduc- 

tion. 

Exercises on Chapter XI 

a. What is an enthymeme, and what different kinds of 

enthymemes are there? Give examples. 

b. What is meant by universe of discourse, and how 

does it affect the way in which we express our 
thoughts? 

c. Describe the precise form of each of the following 

arguments, suppl3ring any proposition that may 
be implied without feeing expressed. The first 
two arguments are dealt with here by way of 
example. Propositions implied but not ex- 
pressed in the given argument are put in round 
brackets. 

(1) No belief is worth d)dng for, since none is 

certain. 

[(Nothing uncertain is worth 
dying for,) {MeP) 

All beliefs are imcertain, SaM 

No belief is worth d3dng for. SeP 

Enthymeme of the first order. The minor 
premise is obverted.] 

(2) Few men know their own business, for it 
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cannot be understood without a know- 
ledge of things outside it. 
pThose who do not know things 
outside it do not know their 
own business, 

(Most men are such as do not 
know things outside their owii 
business,) 

Most men do not know their 
own business. .•. SoP 

Enthymeme of the second order. Imper- 
sonal form of the given minor premise 
changed slightly to fit the context.] 

(3) In his poor condition Lazarus could pay no 

fees, and so could get no physician. 

(4) The world is round, so we can ride to the 

other side. 

(5) The right to think what seems probable and 

to say what one thinks is v^orth dying for, 
as is everything on which human progress 
depends. 

(6) James is not self-satisfied. No thinker 

ever is. 

(7) Sgiith is physically weak, and therefore 

lacking in courage. 

(8) Sheffield is an industrial city, and industrial 

cities are not health resorts. 

(9) Jones is a poor candidate, and poor candi- 

dates always grumble about the examina- 
tion papers. 

(xo) "White fellow works, not black fellow; 
black fellow gentleman.” 

d. What kind of enth}rmemes are the arguments 
given tmdM' k in the exercises on Chapter VIII ? 


MeP 

{SiM) 
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e. Re-state arguments (i) to (5) given under k in the 
exercises on Chapter X as enthymenics of the 
first order. 

/, Re-state arguments (6) to (10) given under \ in 
the exercises on Chapter X as enthymemes ol 
the second order. 

g. Explain the terms poly syllogism, prosyUogism, epi- 

syllogism, and give an example of each. 

h. Explain the terms sorites and epicheirema, and give 

an example of each. 

i. What is meant by linear inference} Give an 

example. 

j. Re-state the following arguments in such a way 
' as to dis])lay their logical form, supplying (in 

brackets) any propositions which may be 
implied though not stated. Add the symbolic 
scheme in each case. The first argument is 
dealt with here as an exaitiple. 

(i) The knowledge of several languages is of 
great educational value. For it &how,s us 
that the same word may represent different 
ideas, and that the same idea may be 
expressed by different words, and so helps 
us to discriminate between words and 
ideas, which is of great importance to 
clear thinking. 

[Whatever shows that the same 
word may express different 
ideas, etc., helps one to dis- 
criminate between words and 
ideas ; MaP 

The knowledge of several lan- 
guages shows this; SaM 

(.'. The knowledge of several Ian- 
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gaages helps one to discrimi- 
nate between words and ideas.) (. *. SaP) 
What helps one to discriminate 
between words and ideas is 
of great importance to clear 
thinking; PaR 

(.•. The knowledge of several lan- 
guages is of great importance 
to clear thinking.) (.*. SaR) 

(Wliat is of great importance to 
clear thinking is of gieat edu- 
cational value,) 

The knowledge of several lan- 
guages is of great educational 
value. . SaT 

A sorites consisting of three enthymemes, 
all in Figure I.] 

(2) Reserve is restraint, and restraint is painful, 

and pain is intolerable to the self-indul- 
gent. 

(3) Free Trade is a great boon to the working 

man; for it increases trade, and this 
cheapens articles of ordinary consump- 
tion ; this gives a greater purchasing power 
.* to money, which is equivalent to a rise 
in real wages, and any rise in real wages 
is a boon to the working man. 

(4) The best way to make friends is to appear 

to be interested in them; the best way to 
appear to be interested is to be really 
interested in them; and to be interested 
in others one must cease to be self-centred. 

(5) Tlie Majoiity Report of the Divorce Com- 

mission is a dangerous document. For it 
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recommoids an increase in facilities for 
divorce. This would have the effect of 
loosening the marriage bond, and so 
weaken ffunily life, on which the stability 
of the State depends. 

(6) The absence of complete candour from 

theological discussions is justifiable. For 
it is a kind of compromise. Now no one 
disputes the necessity of compromise in 
politics. Why, then, should one question 
in the intellectual domain what is so con- 
venient, even necessary, in the political 
domain? 

(7) Political freedom is indispensable for a 

people's cultural development. For des- 
potism lowers the nation's self-respect 
and checks enterprise in its most impor- 
tant sphere, the management of the com- 
monwealth; and what is hostile to enter- 
prise and self-respect is hostile to science 
and art. 

(8) The average man regards new ideas incon- 

sistent with his old beliefs as an evil. 
For the due consideration of such ideas 
requires a mental rearrangement — which 
is a laborious process. But the average 
man is intellectually lazy, and condemns 
as an evil whatever he finds disagreeable. 

(9) " War begets Poverty — Poverty, Peace — 

Peace begets Riches — Fate will not cease — 
Riches b^et Pride — Pride is War’s 
ground — 

War begets Poverty — and so the work) 
goes round." 
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Exercises on Chapter XII 

а. Explain the general character of hypothetical propo- 

sitions, with examples. 

б. Express the statement A implies S as an hjrpo- 

thetical proposition, and explain its meaning 
fully. 

c. Express the statement A is incompatible with B 

as an hypothetical proposition, and explain its 
meaning fully. 

d. Apply the doctrine of opposition to hypothetical 

propositions. 

e. Construct a pure hypothetical syllogism ii> each of 

the four Figures. 

/. Explain, with examples, the principal kinds of 
mixed hypothetical syllogisms. 

g. Re-state the following arguments so as to show 
their precise forms, supply (in round brackets) 
any missing propositions, and add the symbolic 
scheme. The first three arguments are worked 
out as examples. 

(i) When we really want a thing we look for it 
with special keenness, and so we detect 
•"h sooner than do others, as happens always 
when people look for a thing with special 
keenness. 

[If we look for a thing with 
special keenness, then 
we see it sooner than do 
others, I/B, then C 

Ji we really want a thing 
we look for it with 
^lecial keenness. 


If A, then B 
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If we really want a 
thing, we detect it 
sooner than do others. If A, then C 
A pure hypothetical syllogism, Figure I, 
AAA.] 

(a) If wishes wei-e horses, beggars would ride; 
but they don’t. 

[If wishes were horses, 
beggars would ride. If A, then C 

Beggars do not ride, not C 

{.•. Wishes are not hor^s.) (.•. not A) 

Destructive mixed hypothetical enthymeme 
of the third order.] 

(3) If unemployment doles are given indis- 
criminately, there is a shortage of labour. 
Wages wiU consequently l-)e liigh, and so 
raise the cost of production. Commodi- 
ties must tlierefore become more expen- 
sive, and so raise the cost of living. 

[If there is a shortage of 

labour, wages are high ; If B, then C 
If unemplo3mient doles 
are given indiscrimi- 
nately, there is a short- 
age of labour; If A, then B 

(.’. If unemplo3nnent doles 
are given indiscrimi- 
nately, wages are high.) . If A , *Aen C) 

If wages are high, the cost 

of production rises; If C, then D 

(.*. If unemployment doles 
are given indiscrimi- 
nately, the cost of pro- 
duction rises.) (■ If A, Uten D) 
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li the cost of production 
rises, commodities are 
more expensive; //D, then F 

(.*. If unemployment doles, 
etc., commodities are 
more expensive.) 1 / A, ffien F) 

If commodities are more 
expensive, the cost of 
living rises. If F, then G 

If unemployment doles, 
etc., the cost of living 
rises. If A, then G 

A pure hypothetical sorites. All syllogisms 
in Figure I.] 

(4) If we had not the pleasures of hope, life 

would lose much of its interest ; but if the 
future could be foreseen clearly, there 
• would be no pleasures of hope, and life 
would, therefore, be less interesting. 

(5) If a society is to be happy, it must be pro- 

ductive. For in order to be happy, it 
must be wealthy ; and if it is to be wealthy, 
it must be productive. 

(6) If professional education is accessible to all 

classes, then professional fees are low. For 
in that case there is keen professional 
competition; and if there is such compe- 
tition, then professional fees arc low. 

(7) Matters are not left entirely to simple folk 

anywhere. If they were, there would be 
no social changes anywhere; but such 
changes are to be met with everywhere. 

(8) What can be stated in offensive terms is not 

to be rejected merely on that account. 
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For if we were to reject every assertion 
that can be stated in offensive terms, we 
should not affirm anything; yet we do 
affirm lots of things. 

(9) If the object of marriage were bliss, then its 
disagreeableness to either party would be 
a sufficient reason for dissolving it; but 
it is not. The object of marriage is con- 
sequently not bliss. 

(10) If God exists, then the trials of earthly life 

can be borne with equanimity. For if 
God exists, He is perfect. If He is per- 
fect, then the human soul is immortal. 
And if we are immortal, then our earthly 
life is a small matter. 

(11) A favourable state of the exchanges will lead 

to importation of gold; this will cause a 
corresponding issue of bank-notes which 
will occasion an advance in prices; which 
again will check exportation and encourage 
importation, tending to turn thef^changes 
against us. 

(la) Freedom of speech is one of the conditions 
of the progress of civilization. For the 
progress of civilization depends on our 
deliberate adaptation of our habits and 
institutions to changing conditions. But 
such adaptation requires the correction 
of old errors and the acquisition of new 
knowledge. And these are only possible 
when there is complete freedom of 
speech. 

(13) Has any small island ever had so momentous 
a history as Heligoland ? But for it there 
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would have been no Gennan Navy. But 
for the Gennan Navy there would have 
been no Great War. But for the Great 
War the fate of many millions of men and 
women would have been very difierent. 

(14) Unless the juridical equality of all nations is 

made a fundamental principle of the 
Lea|;ue of Nations the peace of the world 
will remain a dream. For without such 
equality there will be a sense of injustice. 
This means discontent, and discontent 
does not make for peace. 

(15) If the law were really impartial and punished 

blasphemy because it offends the feelings 
of believers, then it ought also to punish 
such preaching as offends the feelings of 
unbelievers. But tlie law imposes no 
restraints on the believer, however offen- 
sive his teaching may be to those who do 
not agree with him. 

Exercises on Chapter XIII 

a. Explain thg general character of alternative (or 
disjunctive) propositions, and give examples. 
h. Express the meaning of the statement A implies B 
as an alternative proposition, and explain its 
meaning. 

c. Express the meaning of the statement A is incom- 

patible with B in an alternative proposition, and 
justify the re-statement. 

d. Express the substance of the following sentences 

in (i) hypdthetiaU and (ii) tUternoHve proposi- 
tions'.^ 
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{i) Things which are not worth doing well 
should not be done at all. 

(2) Candidates ior the British Civil Service must 

be British bom. 

(3) Right-angled triangles are never equilateral. 

(4) Parallelograms always have their opposite 

angles equal. 

(5) One never masters a subject that does not 

interest him. 

(6) Who ever loved that loved not at first sight ? 
e. Discuss the relation between the first and second 

proposition in each of the following pairs: — 

(1) If X, then Y ; cither Y or not X. 

(2) Either X or Y ; neither X nor Y. 

(3) Both X and Y ; neither X nor Y. 

(4) Both X and Y ; either not X or not Y. 

(5) Either X or Y ; either not X or not Y. 

/. Explain the nature of pwe disjunction syllogisms, 
and give an example. 

g Describe the character of mixed disjunctive syllo- 
gisms, and give an example. 

Exercises on Chapter XIV 

а. What is meant by a dilemma} Explain the 

expression " on the boms of a dilemma.” 

б. Explain and illustrate the difference between a 

constructive and a destructive dilemma. 

c. Explain and illustrate the difference between a 

complex and a simple dilemma. 

d. What is the chief fault to which dilemmas are 

liable? Give an example. 

e. What is meant 1 ^ the rebuttal of a dilemma, and 

what is its value? Give an example. 
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/. Re-state the following arguments so as to display 
their forms; supply (in round brackets) any 
missing propositions, and add the symbolic 
sdieme of each argument. The first argument 
is dealt with here as an example. 

(i) For Canada to build one or two warships in 
order to protect her coast would be 
sheer waste of money. For, except the 
United States, no Power could evade 
or overcome the British Navy; whilst 
if the United States resolved to invade 
Canada no navy in the world could 
prevent it. 

[If the U.S. resolved to invade 
Canada, Canadian warships 
would he useless; if any other 
Power resolved to do so, Cana- 
dian warships would be un- 
necessary If A, then B; if C, then D; 

(But the (feared) invader must 
be either the U.S. or some 
other Power) ’ (Either A or C;) 

^madian warships would be 
either useless or unnecessary. 

Either B or D. 

(Erqpenditure on what is either 
useless or uimecessary is ^eer 
waste of money) (MaP;) 

(Expenditure on Canadian war- 
^ps is expenditure on what 
is mmeoessaxy or useless) (SaM;) 

Erqxmditute on Caniulian war- 
' is sheer waste bf money SaP. 

The argument consists of an abridged com* 
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plex obnstructive dilenuna, followed by 
an abridged categorical syllogism.] 

(2) Apollo behaved badly towards Orestes. For 

if it was wrong for Orestes to Idll his 
mother, then Apollo should not have 
commanded him to do so* and if it was 
right, then he should have protected him 
from the Furies. But Apollo did neither. 

(3) No honest lawyer will plead for an accused 

person. For the accused is either guilty 
or innocent. If he is guilty he ought not 
to be defended; and if he is innocent it 
must be apparent to his judges, so that 
he need not be defended. 

(4) Those who are advocating an increase in 

import tariffs will be pleased in any case; 
for they will be pleased if their policy 
becomes law; and if it does not they will 
still be ideased, because they will continue 
to buy things more cheaply than they 
could if the tariffs were increased. 

(5) To growl at human ills is a waste of time 

and energy. 

For every ill beneath the sun 
There is some remedy, or none. 

Should there be one, resolve to find it; 

If not, submit, and never mind it. 


Additional Exercises on Chapters V-XIV 

Describe the form of the arguments expressed, 
referred to, in the following passages. Supply missing 
propositions (in round brackets) where necessary. Add 
the symbolic scheme of each argument. And explain 
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any fallacy that may be committed, or imputed, in 
any of them. The first six passages are dealt with 
here as examples. 

1. Bentham was the victim of a common delusion. 
If a system will work, then the minutest details can 
be exhibited. Therefore, it is inferred, an exhibition 
of minute details proves that it will work. 

[The delusion consists in assuming that the propo- 
sition JJ A, then C implies the proposition If C, 
then A. This kind of erroneous reasoning is 
known as the faUacy of affirming the consequent.] 

2. There is not a single branch of education that 
when considered by itself can with truth be said to be 
indispensable. Can we therefore resist the conclusion 
that a man may dispense with education altogether? 

[Here it is erroneously suggested that what is true 
of each one of a group of things must be true of 
all taken together. This kind of error is known 
as the faUacy of composition. The reverse error 
of supposing that what is true of all together is true 
of each separately is called the fallacy of division.] 

3. By faith we may believe that those who are known 
to be dead are not dead. For faith is a means of 
believing fflat which we know not to be true. 

[Thb argument commits the fallacy of ambiguous 
construction or amphiboly. The second sentence 
is only acceptable if “ we know not to be true " 
means “we do not know to be true," but not if 
(as happens here) it is also taken ‘'o mean “ we 
know to be untrue."] 

4. The College staff must have been increased, for 
there are two new members on the Professorial Council, 
and all members of the Prof essoiial Council are members 
of the sta9.‘ 
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[Fallacious inferenu by aided ieUrminants. To be 
new as a member of the Council is not the same as 
to be new as a member of (he staff —an old 
member of the stafi may be newly added to the 
Council.] 

5. Wind and weather are unpredictable, although 
they are governed by laws. 

[Wind and weather are unpredictable. MaP 

Wind and weather are governed by laws MoS 
Some things governed by laws are 
unpredictable). (.*. SiP) 

Enthymeme of third order.] 

6. This author is certainly confused. If I under- 
stand his book rightly, he is confused in his thinking, 
and if I do not understand it, then he is confused in 
his writing. 

{If A, then B; if C, then B. 

(Either A or C.) 

B in any case. 

This is a simple constructive dilemma with the minor 
premise omitted.] 

7. Although the magnificent person is liberal, it does 
not follow that the liberal person is magnificent. 

8. We speak of a person as a had doctor or a bad 
actor, although we should not call him bad in an 
absolute sense. 

9. If it is false that " no treaties can prevent war," 
it must be true that " war is preventable ” ; but if it 
is true that " all treaties fail to prevent war,” it does 
not follow that " war is unpreventable.” ^ 

10. “ Many's the time I've asked Josh what politics 
is, and all he can say is, ' It's what womm can't 
understand.' There must ^ a power of politics in the 
world, for there's many things I can't understand." 

cc 
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IX. Freedom of speech is of the essence of democracy. 
To renounce freedom of speech is to renounce demo- 
cracy. 

12. Human life will at some time disappear from 
the earth, for all men must die. 

13. The House of Lords has two new members, 
because there are two new dukes, and all dukes are 
members of the House of Lords. 

14. An import duty on sugar is beneficial to sugar- 
refiners, an import duty on com is beneficial to corn- 
growers, an import duty on silk goods is beneficial 
to silk-weavers, and so forth. Now practically every 
member of the community is connected with some 
business or other, therefore a universal system of pro- 
tective duties would benefit the entire community. 

15. X would rather be good than bad, but he would 
rather be rich than good. What conclusion can be 
drawn? 

16. The uncritical acceptance of the views of one’s 
teachers is no real education. It fails to develop the 
power of independent judgment, which is the essence 
of real education. 

17. Devout people are not necessarily moral people. 
Henry IlJ^of France, e.g., was a notorious seeker after 
forbidden things, yet he was devout, ordering prayers 
for the success of projected murders, and attending 
mass during their commission. 

18. All metals, it is true, are conductors of elec- 
tricity; but then the atmosphere is not a metal, and 
therefore cannot be a conductor of electricity. 

19. The radical is not always unselfisli; your mere 
malcontent, for example, is often rather a selfish being, 
and every makontent is, of course, a radical. 

ao. Einp^ors may be good men, and good men 
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may be Emperors, for Marcus Aurelius was t^th a 
good man and an Emperor. 

21 . The rings of Saturn must be material bodies, for 
they are visible, and only material bodies are visible. 

22. The fixed stars must be subject to the law of 
gravitation, because they are material bodies, and no 
material body is not subject to the law of gravitation. 

23. Without slavery of some kind there can be no 
civilization. For there can be no civilization without 
leisure; and slavery makes leisure possible. 

24. To be wealthy is not to be healthy; not to be 
healthy is to be miserable; therefore, to be wealthy 
is to be miserable. 

25. Whosoever loveth wine shall not be trusted of 
any man, for he cannot keep a secret. 

26. The line A B is equal to the line C D, for they 
are radii of the same cirde. 

27. Most of the electors were in favour of female suf- 
frage, and most of them were Conservatives. Therefore 
some Conservatives were in favour of female suffrage. 

28. Examiners who are excessively tender with weak 
candidates are unjust towards the better candidates. 
For they reduce the standard of the examination, and 
therefore the value of passing it, even for those who 
have reached the higher standard. 

29. Excessive discipline makes one weak-willed. For 
undue subordination to others leaves one insufficient 
opportunity for the exercise and development of one's 
own will. 

30. Power pleases the violent and proud, wealth 
delights the placid and timorous; youth, therefore, 
flies at the power, and age grovels after the riches. 

31. Dogmatic teaching does not make thinking 
pupils, for it does not encourage indt^ndeat think i n g. 
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за. Peoide accustomed to despotic rote find self* 
government veiy difficult when they attain to freedom, 
because th^ have not had sufficient opportunity for. 
the exercise and development of their powers. 

•33. If ye only love them that love you, what merit 
have ye ? Do not even the publicans do the same ? 

34. Darwin must have been very unhappy. For he 
said that he would feel very happy if he had only to 
observe and not to write; and we know, of course, that 
he wrote many books. 

35. Free Trade must bring prosperity; for England 
is the richest coimtry in the world; and this is just 
what you would expect if Free Trade brought pros- 
perity. 

зб. If all the absurd theories of lawyers and divines 
were to vitiate the objects in which they are con- 
versant, we should have no law and no religion left 
in the world. 

37. The Helvetii, if they went through the country 
of the Sequani, were sure to meet wdth various diffi- 
culties; and if they went through the Roman province, 
they were exposed to the danger of opposition from 
Caesar; but they were obliged to go one way or the 
other; theftfore they were either sure of meeting with 
various difficulties or exposed to the danger of oppo- 
sition from Caesar. 

38. Light is seen on portions of the moon which are 
not directly illuminated by the s\m. This light must 
be due to the moon’s own light, or to light reflected 
from the eauih. But certain phenomena connected 
with eclipses show that the moon is not self-luminous. 
The light in question must consequently be due to 
reflected earth*lig^t. 

39. Why fear death? To fear death is to fear either 
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being deprived of all feeling or being subjected to 
some other kind of feeling. But if we are de{uived 
of all feeling we shall have no evil to fear; if we' are to 
find new kinds of sensations our existence will indeed 
be different, but still we shall continue to exist. 

40. I am walking with a friend in the garden, and 
we see a moth alight upon a flower. He exclaims: 
" What a beautiful butterfly! " Whereupon I re- 
mark: '' That is not a butterfly; it is a moth.” If he 
asks me how I know that, the answer is: ” Because 
butterflies, when they alight, close their wings verti- 
cally ; moths expand them horizontally.” 

Exercises on Chapter XV 

a. What is meant by inductive inference, and how is 

it related to deduction! 

b. How are observation and experiment related to each 

other ? Give examples to illustrate your answer. 

c. What is meant by analysis and synUtesis, and what 

is their function in ^e work of science ? 

d. What is an hypothesis, and what part does it play 

in scientific research? 

e. What is a barren hypothesis, and how is it regarded 

in science? 

/. What do you understand by analogy, and what is 

the chief function of analogy in science? 

g. What is meant by reasoning from analogy, and why 

is there no proof from analogy ? Give an example 

to illustrate your answer. 

h. Explain how exactly the following passages illus- 

trate what you have learned about the origin, 

nature, and verification of hypotheses. 

(1) U^tning travek in a zigzag line, and so 
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does an electric spark; electricity sets 
things on fire, so does lightning; electricity 
melts metal, so does lightning. Animals 
can be killed by both, and both cause 
blindness. Electricity alvrays finds its 
way along the best conductor, or the sub- 
stance which carries it most easily, so does 
lightning; pointed bodies attract the elec- 
tric spark, and in the same way lightning 
strikes spires and trees and mountain- 
tops. Is it not most likely that lightning 
is electricity passing from one cloud to 
another just as an electric spark passes 
from one substance to another? 

If lightning is electricity, it must be possible, 
with the proper equipment, to draw this 
electricity to the earth. Accordingly, a 
kite was sent up during a thunderstorm, 
and a connection was thus established 
between the clouds and the earth. To the 
end of the string by which the kite was 
held there was tied a metal key. The 
sti tug was then lengthened with some silk 
Since silk is a bad conductor of electricity, 
.Ihe electricity would be collected in the 
key, instead of escaping through the hand 
that held rhe silk. It was then found that 
if the key was touched with the finger, 
the usual effects of contact with electricity 
resulted. 

(a) Cleomedcs, who lived about the time of the 
Emperor Augustus, observed that a ring 
lying at the bottom of an empty vessel 
and ju'it hidden horn vie w by the side of 
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t)ie vessel became visible when the vessel 
was filled with water. He thereupon sug- 
gested that the sun may already below 
the horizon when we still see it at sunset. 

(3) Were it a fact that the real interests of 

civilization are boimd up with warfare, 
warfare would continue. But it is no 
more possible for nations to get rich by 
bombarding things with cannon and blow- 
ing Its own customers and its own invest- 
ments into smithereens than it is for a 
Wall Street financier to enrich himself by 
shooting Rockefeller or Morgan in the head. 

(4) Sir Charles LyeD, by studying the fact that 

the river Ganges yearly conveys to the 
ocean as much earth as would form sixty 
of the great pyramids of Egypt, was 
enabled to infer that the ordinary slow 
causes now in operation upon the earth 
would account for the immense geological 
changes that have occurred, without 
having recourse to the less reasonable 
theory of sudden catastrophes. 

(5) Woman is justly entitled to participate in 

the government of the State. For the 
government of the State is onl;y a kind of 
national housekeeping. And all admit 
that woman has a genius for housekeeping. 

Exercises on Chapter XVI 

What is the general nature of dramstantial 
evidence, and what other kind of evidence is 
there? Give examples. 
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b. Why' is the kind of reasoning exemplified by 

reasoning from circumstantial evidence called 
sy^ematie reasoning} What other kind of 
reasoning is there ? Illustrate your answer. 

c. Give an example of reasoning from circumstantial 

evidence drawn (i) from the annals of crime, 
(ii) from the annals of history or of crience. 
i. How is systematic reasoning related tu generaliza- 
tion? 


Exercises on Chapter XVII 

а. What is meant by classification, and how is scientific 

classification related to the orderly arrangement 
or grouping of things in museums and elsewhere ? 

б. In what sense is classification the oldest and 

simplest method of science? 

c. Wliat is the difference between a natural classifica- 
tion and an artificial one? Give an example of 
each. 

i. What is meant by description, and what is the 
difference between a merely qualitative and a 
quantitative description? Give an example of 
each. 

0 . Describ^the way in which statistical method is 
used as an aid to description, and give an 
example. 

/. Explain the terms arithmetical average (or mean) 
mode, and median, 

g. Two adjacent flower beds of equal size were pre- 
pared in the same way except that only one of 
them was manured with guano. On each bed 
was sown half the harvest from certain plants 
which had produced many flowers the year 
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before. During the summer one thousand 
flowers from each bed were examined in order 
to ascertain the number of petals per flower 
The result is given in thefollowing table. Cal- 
culate (i) the mean, (ii) the mode, and (iii) the 
median of the number of petals per flower of 
each of the two kinds (manured and un- 
manured). 


Number of Flowen. 

Number of Petals 
per Floirer. 

Witblluuiu. 

Without Manure. 

140 

1 

120 

5 

150 

150 

6 

170 

250 

7 

210 

210 

B 

140 

120 

9 

90 

100 

10 

40 

30 

II 

30 

10 

12 

20 

lO 

13 

10 

0 

M 

1,000 

1,000 

— 


h. De Vries carried out investigations on bulbous 
buttercups in order to ascertain the number of 
petals per plant. He examined 4*385 early 
plants (which flowered in July or August) and 
1,130 late plants (which flowered in September). 
His results are given in the following table. 
Find (i) the mean, ^) the mode, and (iii) the 
median of the number of flowers per buttercup 
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plant for each of the two groups of plants (early 
and late). 


Number of Early 
Plnnte. 

Number of Lata 
Floorers 

Number of Patali 
per Plant 

409 

40 

5 

532 

52 

6 

638 

126 

7 

690 

165 

8 

764 

204 

9 

599 

215 

10 

414 

177 

II 

212 

104 

12 

80 

35 

13 

29 

8 

M 

18 

4 

15 

4.385 

1. 130 

— 


t. Calculate (i) the average deviation, (ii) the median 
error, and (iii) the probable error of the number 
of petals per plant, from the data supplied in 
the table given under g. 

j. Calculate^!) the average deviation, (ii) the median 

error, and (in) the probable error of the number 
of petals per flower, from the data in the table 
imder h. 

k. Give an account of definition, and give examples 

of its diief types. 

l. Explain the terms genus, species, differentia, pro- 

prUm, accidens, and illustrate your answer with 
suitable examples. 

m. Define the loOowing terms, indicating briefly in 
each case your mode of procedure: — aualogue. 
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dictionary, cheque, society, state, federal state, 
imperialism, air, water, alcohol, republic, science, 
n. What is meant by division, and how is it related to 
classification} 

0. Montesquieu divided Governments into Despotisms, 
Monarchies, and Republics. Lord Morley has 
criticized Montesquieu for employing two prin- 
ciples of division. Explain. Is it never per- 
mitted to use two principles of division? 

р. The question whether or not a shovel is a spade 

was gravely discussed by half a dozen laAvyers 
at Omaha before the president of the Board of 
the United States General Appraisers. If shovels 
are not spades, importers must pay a tariff of 
20 per cent, on them. But if a shovel is a spade, 
it can enter the United States free of duty, as 
agricultural implements are exempted. 

What point of logical interest does the above 
question raise? 

Exercises on Chapter XVIII 

a. What is a cmnparative science? Enumerate some 

of them. 

b. What is meant by the evolutionary (or genetic) 

methcd? 

с. Explain how some of the comparative sciences 

came to apply the evolutionary method. 

d. How has it come about that the term comparative 

method is sometimes used as the equivalent of 
evolutionary method? 

e. Why do some men of science object to the identifi- 

cation of the terms comparative method and 
evolutionary method? 
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/. Is there any one specific method that can appro- 
priately be called the comparative method as 
distinguished from the evolutionary method} 
Illustrate your answer. 

g. Why is the genetic method sometimes called the 

historical method} What objection is there to 
this usage? 

h. Explain the difference between the terms evolu- 

tionary hypothesis, evolutionary theory, and evolu- 
tionary method. 

«. What is meant by working idea, principle, postulate ? 

y. Give examples of the application of the evolutionary 
method from the fields of zoology and anthro- 
pology. (The student is advised to summarize 
for himself some examples from Darwin's Origin 
of Species, Frazer's Golden Bough and Folklore 
of the Old Testament, or similar works, including 
histories of art.) 

k. How would you explain the remarkable feat of 
Agassiz which is reported in the following 
account? 

At a meeting of geologists in England, 
Agassiz was asked what kind of fish would 
be found in fossil form in a particular stratum 
of the earth's crust. He thought for a 
moment, and then made a sketdi of the fi^ 
which he believed would live at the time 
this geological stratum was formed. He did 
not understand the cheer with which his 
drawing was received by the company, until 
someone brought forward an actual fossil 
specimen which had just been found, and 
diowed that it agreed perfectly with the 
sketch which Agassiz had created from his 
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own knowledge of what characteristics a fish 
belonging to a particular stratum ought to 
possess. 


Exercises on Chapter XIX 

a. Explain (with examples) the meaning of uniformi' 

ties of sequenu and uniformities of co-existence. 

b. What is the relation between a rational connection 

and a causal connection} Give examples. 

c. Explain the terms positive instance and negative 

instance. 

d. Describe the nature of the method of difference. 

e. What different forms of the method of difference 

are there? Give an example of each. 

/. What conclusions would you draw from the fol- 
lowing accounts, and on which of the inductive 

methods do you base your conclusions? 

(i) Wort, when it is prepared and stored in such 
a way that no dust can enter it, remains 
uncontaminated indefinitely. But when 
it is exposed to the air, under conditions 
which allow it to gather the dusty par- 
ticles which float in the atmosphere, then 
it deteriorates. 

12) If the lungs be emptied as perfectly as pos- 
sible and a handful of cotton-wool be 
placed against the mouth and nostrils, 
and you inhale through it, it will be found 
on expiring this air through a g^ass tube 
that it is free from such floating matter as 
is usually found when the air is inhaled 
directly. 

(3> A freewater crayfish with its antennules (or 
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small feelers) intact retreats from strong 
odours. But when these antennules are 
removed, the crayfish does not respond to 
strong odours. 

(4) Two monkeys were made drunk, one with 
raw spirits, the otl.er with matured spirits. 
The first became angry; it spat and it 
sw'ore. The second was merely foolish and 
amiable in its intoxication. A week later 
the doses were reversed, and once more 
the monkey which had the raw whisky 
became quarrelsome, while the monkey 
which had the matured wlii^l.y was genial 
and good-humoured. [Why were the 
doses reversed?] 

g. Explain and illustrate the fallacy of ncm ceteris 

paribus. 

h. What is meant by the fallacy post (or c«w) hoc ergo 

propter hoc} Give an example. 

i. Describe the character of the method of concomitant 

variations. 

j. In what respect are the methods of difference and 

of concomitant variations (i) like one another, 

(ii) different ? 

k. Give examples of (i) direct concomitant variation, 

(ii) inverse concomitant variation. 

l . What conclusions would you draw from the fol- 

lowing accounts, and on which inductive methods 

do you base your conclusions? 

(1) If an active leaf be submerged in wrater 
contained in a glass vessel and exposed to 
the li^t, then bubbles may be seen 
coming from the surface of tlie leaf and 
* . rising through the water. (The water is 
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only a device by which the bubbles of gas 
may be seen.) If the leaf is very active, 
the bubbles are numerous. If the light 
is diminished gradually, the bubbles be- 
come fewer, and eventually cease alto- 
gether. If next the light is increased 
again gradually, the bubbles reappear, 
and become more and more numerous as 
the light increases. 

(2) The great famine in Ireland began in 1845, 
and reached its climax in 1848. During 
these years agrarian crime increased 
rapidly, and in 1848 was more than three 
times as great as in 1845. After this 
time it decreased with the return of better 
crops, and in 1851 was only 50 per cent, 
more than in 1845. 

m. Describe the method of agreement, and give an 

example of its application. 

n. In what respect do the instances required for the 

method of difference differ from those which are 
sufficient for the method of agreement? 

0. In what respect are the instances required for 
the method of concomitant variations (i) like, 
(ii) different from, those which suffice for the 
method of agreement? 

p. What inferences would you draw from the following 
accounts, and on which inductive methods do 
you base your iufc-renccs ? 

(i) To-day a certain peciiliar type of climate 
prevails wherever civilization is high. In 
the past the same type of climate seems 
to have prevailed wherever a great dvili- 
sation arose. 
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(a) Observations made in a variety of cas^ have 
shown that whenever ether is adminis- 
tered to patients they breathe more deeply 
than before. 

(3) Investigations in Denmark, Japan, Connec- 

ticut, Pennsylvania, New York, Maryland, 
the Carolines, and Georgia show that 
neither the winter nor the summer is the 
most favourable season for activity. Both 
physical and mental activity reach pro- 
nounced maxima in the spring and fall, 
with minima in midwinter and mid- 
summer. 

(4) All acids accelerate chemical reactions. Now 

acids vary from one another in all sorts 
of ways, except that they all contain ions 
of h]^.ogen. 

(5) Hot springs are irregularly distributed in 

various countries throughout the world- 
in America, Tibet, Japan, Iceland, the 
Azores, the Pacific Islands, etc. It is 
found, however, that they practically 
^ always occur in regions which are, or 
have been, scenes of volcanic activity. 

9. ’Describe the method of residues, and give an 
example of its application. 

r. How is the method of residues related to the method 

of difference! 

s. What inferences would you draw from the evidence 

contained in the following accounts, and on 
which inductive methods do ]mu base your 
inferences? 

(i)l When air is confined with moistened iron 
. Mings in a closed vessel over water, the 
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iron filings rust, and the volume of air is 
diminished. Moreover, the iron filings, 
after rusting, gain aa. much in weight as 
the air loses. 

(a) M. Arago, having suspended a magnetic 
needle by a silk thread, and set it in 
vibration, observed that it came much 
sooner to a state of rest when suspended 
over a plate of copper than when no such 
plate was under it. Now in both cases 
there were reasons why the needle should 
come at length to rest, namely, the resist- 
ance of the air and the want of perfect 
mobility in the silk thread. But the 
effect of those influences was exactly 
known from the observations made in the 
absence of the copper, but was not suffi- 
cient to account for the vibration ceasing 
as soon as it did. 

(3) When J. J. Thomson investigated neon in a 
positive ray apparatus, he found that the 
parabola given on the photographic plate 
by the positive rays from neon was always 
accompanied by another paiabola much 
less intense. The neon could not account 
for the less intense parabola. 
t. Describe the character of the joint method of 
agreement and difference. Explain its relation 
to the method of agreetnent and to the method 
of difference. And give an example of its 
application. 

«. What conclusions would you draw from the fol- 
lowing accounts, and on which inductive methods 
do you base your conclusions? 

VD 
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(1) Cabbage leaves are much liked by worms; 

and it appears they can distinguish be- 
tween different varieties. This must be 
due to differences in the taste of the 
leaves or to differences in their texture. 
Pieces of the leaves of cabbage, turnip, 
horse-radish and onion were left on the 
pots during twenty-two days and were all 
attacked and had to be renewed, but 
during the whole of this time leaves of an 
Artemisia, and of the culinary sage, thyme, 
and mint, mingled with the above leaves, 
were quite neglected, excepting those of 
the mint, which were occasionally and 
very slightly nibbled. These latter four 
kinds of leaves do not differ in texture 
(from the others) in a manner whidi could 
make them disagreeable to worms ; 
they all have a strong taste, but so 
have the four fiist-mentioned kinds of 
leaves. 

( 2 ) Darwin observed that in that part of the 

country where he lived, clover was abun- 
dant in the fields which were situated 
jiear villages, while the outlying fields 
were almost destitute of it. Now the 
outlying fields harboured plenty of mice, 
whereas the cats from the villages de- 
stroyed the mice in the fields near by. 

(3) Galen noticed on various occasions that the 

pulse of one of his female patients quick- 
ened whenever the name of Pylades the 
dancer was mmitioned. But there was 
no marked quickening of the pulse when 
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the name of Moiphos or of any other 
professional dancer was mentioned. 

V. What is meant by relevant antecedeiU in the formu- 
lation of the inductive methods? And how 
can the relevant be distinguished from the 
iirdevant? 

Exercises on Chapter XX 

a. What is meant by the method of simple enumeration, 

and of what scientific value is it? 

b. What is the most important difierence between 

statistical method and the method of simple 
enumerationi 

e. Under what circumstances can statistical methods 
be employed though the ordihaty inductive 
methods cannot? 

d. What are the principal steps in the ap^dication of 

statistical methods? 

e. What is meant by a contirtgency table} Give an 

example. 

/. Explain in a veiy general and simple way vdiat is 
meant by (i) association of attributes, (ii) eorreloi- 
Hon of variables, and (iii) frequency. 

g. Having regard to the data supplied in the table 

given under g in the exercises on Chapter XVII, 
what inference would you draw about the 
influence of the guano manure on the flowers 
concerned? Justify your condusion. 

h. Taking into account the data furnished in the 

table tmder h in the exercises on Chapter XVII, 
udiat conclusion would you draw about the 
of the season on the plants in question? 
Justify your answer. 
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i. Explain how you would deal with the question 

raised in the following passage if you could get 
the necessary data: — 

The old man who has been bathing in the 
Serpentine every morning for forty years says, 
" Look at me.'* I say to him, " Yes, but 
where are the others? ” 

j. What inference would you draw, and why, from 

the information contained in the following 
statement? 

In 1892, that is, before the suffrage was 
given to the women of Australia and New 
Zealand, the infant mortality rates per 1,000 
births were: Australia, 106; New Zealand, 89. 
During the years following the granting of 
woman’s suffrage there was a reduction in 
the infant mortality rate, which in 1912 was 
only 72 per 1,000 births for Austral, and 
51 for New Zealand. In England and Wales, 
where the suffrage was not yet given to the 
women, the infant mortality rate per 1,000 
births was 148 in 1892, and only 95 in 1912. 

h. Describe the diief precautions that have to be 
taken in inteq>reting statistical data. 

1 . When do statistical records cease to be of scientific 
importance, and why? 

Exercises on Chapter XXI 

a. Exjdain the general character of the dedneUve- 

inductive method, and its principal form^ 

b. What are the main uses of the deductive-inductive 

method} Give an examjde of each of them. 

r. Describe the different senses in which the term 
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ffteory is used, comparing H with the terms 
hypdhesis and law. 

d. What inferences would you draw from the data 
contained in the following accounts, and on 
which inductive methods do you base your 
conclusions? 

(i) By mathematical reasoning Cavendish 
arrived at the conclusion that if the force 
between two electric charges varies in* 
vetsely as the square of the distance 
between them (and in no other case), then 
electricity communicated to a body must 
collect wholly on its surface, so that tlie 
interior will be uncharged. 

He placed one metal sphere inside 
another metal sphere in such a way that 
each was insulated independently, and 
then diarged the outer sphere and con- 
nected it momentarily by a wire with the 
inner sphere. After breaking the con- 
nection, he tested the inner sphere with an 
electrosoipe, but could find no charge 
upon it. 

(a) Some people object to the freedom allowed 
to Parliament and the Press to make 
criticisms and disclosures that may lower 
the rulers in the eyes of the people. Well, 
there are no complaints against the 
Government in Turkey — ^no motions in 
Parliament, no Morning CkronicUs, and 
no Edinburgh Reviews. Yet of aU coun- 
tries in the world, it is in Turkey that 
revolts and revolutions are most frequent. 

The greater the quantity of respect a 
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man receives, independently of food om* 
duct, the less good is his bdiaviour lihdy 
to be. It is the interest, therefore, of the 
public, in the case of eadi, to see that the 
respect paid to him dionld, as completely 
as possible, depend upon the goodness of 
his behaviour in the execution of his trust, 
and this is only possiUe 1^ permitting 
free criticism. 

(3) Pasteur had shown that the microbe of 

anthrax does not deveh^ at a temperature 
of 44” C. The temperature of birds being 
41-42°, it was argued that fowls would be 
immune from anthrax, as their blood is 
warm, and their natality would help them 
to bridge over the small gap between 41° 
and 44° C. 

A hen was accordingly inoculated with 
anthrax blood and placed with its feet in 
water at 25°. The blood of the hen got 
cooled to 37°. After 24 horns it was 
dead, and its blood was full of anthrax 
bacteria. Another hen similarly inocu- 
lated and cooled until it was in a high 
*** state of fever was then taken out of the 
water, wrapped in cotton wool, and placed 
in an oven at 35°. Its strength gradually 
returned, and in a few hours it was quite 
well again. 

(4) According to Renan, the fear of conquest 

and the consequent preparation for war 
are a necessary spur to human progress. 
■But omsider the evidence. In Russia, in 
Eltl^and, and in other countries where the 
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annament competition is acute, there are 
myriads of people who live below the 
bread-line. In America, on the other 
hand, conditions are iax better. Even 
European countries like Norway, Sweden, 
Denmark, and Switzerland, which during 
the past fifty years have not been under 
the fear of war. have also made great 
progress. The fear of conquest has really 
retarded the progress of the Great Powers. 
Their armament competition has eaten up 
two-thirds of their revenues, to the detri- 
ment of education and social reform. 

(5) At the time of the American Revolution 
many Lojralists left their homes in the 
Southern States and went to the Bahamas. 
Other colonists also went there from Great 
Britain. Now after several generations 
the descendants of those Loyalists show 
a larger proportion of degenerates than 
can be found in any other Anglo-Saxon 
community. The descendants of similar 
Loyalists in Canada are among its strong- 
est elements; in the Bahamas they are 
scarcely ahead of the average negro. 

And naturally so. For they lose in both 
physical and mental energy. This leads 
to carelessness in matters of sanitation and 
food, and thus gives greater scope to the 
diseases which under any circumstances 
would find an easy prey in their weakened 
bodies. The combination of mental inertia 
and physical weakness makes it difficult 
to overcome the di^ulties arising from 



4*4 


TEXTBOOK OF LOGIC 

isolation, from natural disasters, or from 
the presence of an inferior rare, and this 
in turn leads to ignorance, prejudice, and 
idleness. 

Additional Exercises on Chapters XV-XXI 

In the following passages various investigations are 
summarized very briefly. Just enough is given in each 
passage to indicate the general character of the pro- 
cedure and of the methods employed. AVhat is required 
is a description of this procedure and of these methods 
in the light of the logic of induction, or the study of 
scientific method. The general mode of treatment to 
be followed in the analysis of these passages is, perhaps, 
best indicated in the following list of questions, remem- 
bering always that not all the considerations here 
enumerated will be called for in all cases. 

(а) What is the proUem considered in the passage ? 

(б) What hypo^esis, or hypotheses, does it pro- 

pound? And how was the hypothesis sug- 
gested? 

(c) What evidence is adduced pro or con? 

((Q Whq^ method, or methods, does the evidence 
follow? 

(e) Is there adequate verificaHont 

(/) Wliat fallacy is committed or imputed? 

The first four exercises are worked out here as 
examples. 

X. The phenomena of shells fqund in rocks, at a 
fpreat height above the sea, has been explained in 
various ways. Some ascribed it to a plastic power in 
the soil; some to the influence of the heavenly bodies; 
some to fermentation; some to the passage of pilgrims 
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with their scaUops; some to the life and death of real 
molluscs at the bottom of the sea, and a subsequent 
alteration of the relative level of ^e land and sea in 
that region. Now as regards the plastic power of the 
soil and celestial influence, the very existence of sudi 
powers is unknown. Fermentation is a real or true 
cause, but it has never been observed to produce shells 
Casual transport by pilgrims is a true cause, and might 
account for a few shells, but not for so many. On 
the other hand, it is a usual thing for a shell-fish to 
die at the bottom of the sea and leave its shell in the 
mud; and the elevation of the bottom of the sea to 
dry land has been witnessed often. 

[Problem ; To account for the presence of shelb 
found at a great height above the sea. 

Hypotheses : There are five rival hypotheses, each 
suggesting a different cause or agent. Now 
hypotheses with vera causa (true causes, that is, 
causes otherwise known to exist) are preferred 
to those with purely hypothetical causes. This 
disposes of the first two hypotheses. Again, of 
vera causa preference is given to those which are 
known not only to exist, but also to act in the 
kind of way reqiiired. This disposes of the third 
hypothesis. The fourth hypothesis cannot account 
for all the shells, and would therefore still leave 
a residual problem. The last hypothesis is the 
only one that would account for all the facts, 
and it is supported by close analogies of observed 
facts.] 

2. It eras a general belief at St. Kilda that the 
arrival of a ship gave all the inhabitants colds. Dr. C. 
took pains to ascertain the fact and to explain it as 
the effect of effluvia arising from human bodies; it 
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was disrovered, however, that the ntuation of St. K 9 da 
renders a north-east wind absolutely necessary before 
a ship can nuke the landing. 

[Problem : 'What causes these epidemics of colds? 

Current Hypothesis'. The arrival of ships. 

Evidence : Probably many occasions on which the 
arrival of a ship was followed by such an epidemic. 
Method of Difference as regards each occasion, on 
the (erroneous) assumption that no other relevant 
change had occtured; the JoitU Method of Agrees 
ment and Difference if many occasions (positive 
and negative) are compared. 

Objection : No apparent connection between the 
alleged cause and the effect. 

Auxiliary Hypothesis (to meet the objection, by 
inserting a connecting link): The effluvia given 
off by the new arrivals causes the epidemics. 
But this alleged agency is purely hypothetical; 
it is not a vera causa, that is to say, there is no 
other evidence of its existence. 

Hew Hypothesis: The north-east wind is the real 
cause of the colds. This is a vera causa of colds, 
and would therefore be more acceptable than the 
hypothetical effluvia. 

Evidence : Same methods as above, only substi- 
tuting north-east wind for the arrival of a ship, 
which may be regarded as an irrelevant circum- 
stance. The evidence might also have included 
the occurrence of epidemics after north-east 
winds even when no ships arrived. Such evidence 
would be even more clinching; but we are not 
told.] 

3. The effect of green feed on the colour of the 
yolks of eggs has been studied recently by Professor 
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Wheder of New York. Four lots of hens were fed 
alike, except that no hay or green feed was given to 
one lot, while the other three lots had varying amounts 
of clover hay alternating with green alfalfa. The 
depth of colour of the yolk varied in the different lots, 
and, roughly speaking, was directly proportional to 
the amount of the dov^ and alfalfa on which the 
laying hens were fed. Apparently the colouring matter 
present in the green feed affects the yellow coknuing 
matter of the yolks of eggs. 

[Problem: What determines the colour of the yolk 
of eggs? 

Hypothesis : The amount of green feed given to 
the hens. 

Verification : The lot of hens which received no 
green feed laid eggs the yolks of which had no 
colour to speak of. The three lots which bad 
green feed all laid eggs with coloured yolks. 
Group form of the Method of Difference (the three 
lots being regarded as one positive group). 
Again, among the tluree positive lots of hens the 
depth of the colour of the yolks varied concomi- 
tantly with the amount of green feed given to 
the hens that laid the eggs. Method of Con- 
comitatU Variations.] 

4. Pliny rejected the belief in nativities (i.e. the 
determination of a man’s destiny by the star under 
which he was bom) on the ground that masters and 
slaves, Iring s and beggars are frequently bora at the 
same time. 

[Problem : The relation between human destiny and 
the heavenly bodies. 

Old Hypothesis : A man’s destiny is determined by 
the star under which he is born. 
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Evidence for: Not stated. Ftobably observation 
of a few coincidences according to the Method 
of Simple Enumeration, and ilu. Ior.'"^ng of 
exceptions. 

Evidence against: If the hypothesis were true, th< n 
people bom under the same star should ha- e 
similar destinies; but they have not. MeOtod >/ 
AgreemetU with negative result.* 

*The student is advised to make himself familiar 
with the conception of a negative result (not to 
be confused with a I). When an 

inductive method is applied to confirm or to test 
an h3fpothesis, and the result does not confirm 
the hypothesis, or even disproves it, then the 
result is said to be negative — ^it is not what it 
should have been if the h3rpothesis had been true. 
B^linners usually find it difficult to realize that 
the method has the same character even when 
the result is negative — just as a train journey 
remains a train journey even when our friend 
happens to be away when we reach our desti- 
nation.] 

5. Goldscheider had his arm suspended in a special 
frame and moved about by an assistant. His muscles, 
therefore, h^ no share in these movements. Yet he 
could distinguish as small an angle of movement of 
this arm as when his own muscles moved and supported 
it. He concluded that muscular sensations play no 
important rdle in our conscioiisness of the movements 
of our limbs. 

6. It has been found that linnets when shut up and 
educated with singing larks— the skylark, woodlark, 
or titlark — will adhere entirely to the songs of those 
larks, instead of the natural song of the linnets. We 
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may infer, therefore, that birds learn to sing 
imitation, and that their songs are no more' innate 
than language is in man. 

7. If we breathe on a cold metal or stone, moisture 
condenses on it. The same phenomenon appears on a 
§^s when ice-water is poured into it, and on the inside 
of windows when the air outside gets colder suddenly. 
We may therefore conclude that condensation of mois- 
ture on a surface is due to its being colder than the 
surrounding air. 

8. Pasteur filled part of a bottle with wine, and 
sealed the bottle hermetically. Presently the wine 
changed into vinegar. Pasteur then submerged the 
bottle well under water and then withdrew the cork. 
The water rushed into the bottle and filled just one- 
fifth of the space originally occupied by air. Now, 
air is composed of one part of oxygen to four parts of 
nitrogen. Moreover, the gas left in the bottle had all 
the properties of nitrogen. Pasteur therefore concluded 
that during the process of acetification oxygen is taken 
from the air. 

q. When we put any limb in motion the seat of 
the exertion appears to be the limb, whereas it is 
demonstrably no such thing, but either in the 
brain or in the spinal marrow; the proof of which 
is, that if a little fibre, called a nerve, which forms 
a communication between the limb and the brain, 
or spine, be divided in any part of its course, 
however we may make the effort, the limb will not 
move. 

10. Doifmeister has shown that the same chr3rsalis, 
according as it was submitted to cold or heat, gave rise 
to very different butterflies, which had long been 
regarded as independent species, Vanesstt ItvMM and 
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V. pronai an intermediate temperature produces an 
intermediate form. 

XI. According to the observation of Ptolemy (second 
century A.D.), the position of the sun among the stars, 
at the time of its greatest distance from the earth, 
was in longitude 65°. According to the observation 
of El-batani, the Arabian astronomer {c. goo), it was 
in longitude 82°. The difference b tro great to be 
accounted for by inaccuracy of measurement. The 
solar system b probably itself moving throu|^ space. 

X2. Sachs found that when light vras excluded from 
a plant then, althou^ aU other conditions remained 
the same, no starch was formed; but when the plant 
was exposed to light again, then there was a renewed 
formation of starch. Similarly, when certain portions 
of the leaves of an illuminated plant were covered with 
bbck paper, then no starch was formed in those 
portions. Sadis concluded that starch b formed in 
plants by the decomposition of carbon-dioxide gas in 
chlorophyl under the influence of light. 

13. Schwabe discovered that sun-spots reached a 
maximum once in approximately ten years. Lamont 
found that magnetic storms showed a periodicity of 
about ten jiears Sabine discovered independently 
that magnetic dbturbances reached a maximum of 
violence and frequency at intervab of about ten years. 
He noted, moreover the coincidence between the period 
of magnetic storms and that of sun-spots; and showed 
that, according to the available data, the two cycles 
of change agree in duration and phase, maximum 
corresponding to maximum, and minimum to minimum. 
He concluded that there was some connection between 
them, though he could inot explain the nature of the 
connection.' 
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14* The inquiry into the cause of sound had led to 
conclusions respecting its mode of propagation, from 
which its velocity could be precisely calculated. 'The 
calculations were made; but when compared with 
actual observations, although the agreement was suffi.> 
dent to confirm the general correctness of the suggested 
mode of propagation, yet the velodty was rather 
greater than that demanded by the theory. Eventually, 
however, Laplace struck on the happy idea that the 
excess velodty may be due to the heat developed in 
the act of condensation which takes place at every 
vibration by which sound is conveyed. The matter 
was subjected to exact calculation, and the result was 
at once a complete explanation of the phenomenon 
under consideration and a striking confirmation of the 
general law of the development of heat by compression, 
under circumstances beyond artificial imitation. 

15. The process of nitrate production (nitrification) 
was formerly supposed to be entirely chemical. But 
in 1877, S. and M. showed that it was brought about 
by bacteria. A stream of sewage was made to tiiclde 
slowly down a column of sand and limestone. For the 
first twenty days the ammonia in the sewage remained 
unaltered, then it began to change into nitrate, and 
finally the issuing liquid contained no ammonia but 
only xiitrate. S. and M. contended that if the process 
of nitrification was purely diemical the delay of twenty 
days before the ammonia was transformed into nitrate 
was inexplicable, but if it was bacterial then time 
would be required 'for these organisms to grow. As a 
further test some chloroform vapour was added. The 
nitrification ceased. But it commenced again when the 
chloroform was removed, and turbid extract of fredi 
soil was added. 
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x6. In x86i there died at the Bic^tre a patient who 
for twenty years had been without the power of speedi, 
apparently through loss of memory of words. An 
aut<^)sy revealed that a certain convolution of the left 
frontal lobe of his cerebrum had been totally destroyed 
tqr disease, the remainder of the brain being intact. 
Broca held that this case pointed strongly to a localiza- 
tion of the memory of words in a definite area of the 
brain. 

17. Daring the Spanish-American War the American 
troops suffered great losses from yellow-fever. A com- 
mission was appointed to investigate the causes. It 
was thought likely that yellow-fever, like malaria, was 
spread by mosquitoes which had bitten patients suffer- 
ing from the fever. Dr. L. accordingly allowed himself 
to be bitten by such a mosquito. He contracted the 
disease, and died within a few days. Next, three 
volunteers slept for twenty nights in a small, ill- 
ventilated room screened from mosquitoes, but con- 
taining furniture and clothing which had been in 
contact with yellow-fever patients, some of whom had 
died of the disease. None of the volunteers contracted 
the disease. Then a similar room was divided by a 
wire scraan, and mosquitoes which had bitten yellow- 
fever patients were admitted on one side only of the 
screen. One of the volunteers entered this section, 
and allowed the mosquitoes to bite him. He had an 
attack of yellow-fever. Two volunteers who stayed 
on the other side of the screen, and were thus protected 
from mosquito bites, remained in perfect health. 

x8. It has been observed that the simpler the type 
of an animal’s nervous system the fewer and more 
noechanicf^ are the activities of which the animal is 
capable; udiile, on the other hand, the more elaborate- 
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the nervous system the more complex and adaptable are 
its reactions. And, since intelligence generally ^ows 
itself by great adaptability to surroundings, it would 
appear that intelligence depends on the nervous system. 

19. It used to be supposed that all acids contain 
oxygen. Now if this assumption were true the com- 
bination of ammonia (which does not contain oxygen) 
with hydrochloric acid should give as one of its products 
water, which would contain the o.xygcn previously 
contained in the hydrochloric acid. But when am- 
monia and hydrochloric acid were actually combined 
it was found that only a slight dew was formed, which 
cx>uld be accounted for by the unavoidable imperfec- 
tions in, the process of mixing the ammonia with the 
acid. It was therefore concluded that hydrochloric 
acid does not contain oxygen. 

20. It was long known that light is a detriment to 
the preservation of milk. But until recently it was 
not known which of the rays did the mischief. Dr. P. 
put sterilized and unsterilized milk in uncoloured glass 
bottles, in red glass bottles, in orange-coloured glass 
bottles, and in glass bottles of the other colours of the 
spectrum. He then placed all the bottles in the light 
for a whole day. It was found, at the end of the day, 
that both kinds of milk in the red glass bottles were 
fresh, even the unsterilized milk being good still for 
many hours. But the milk in all the other bottles had 
“ turned ” more or less; the milk in the bottles having 
the colours of the violet side of the spectrum had 
"turned" most of all. Red rays, therefore, appear 
to be beneficial to the preservation of milk, the other 
rays being more or less beneficial, or more or less 
injurious, according as they are nearer to the red or 
nearer to the violet end of the spectrum. 

EB 
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21. In Glasgow, the general death-rate is twice as 
high in one-room apartments as it is in houses of 
four rooms or more. Even in three-room houses it 
is 25 per cent, higher. In Edinburgh, when certain 
slum-areas were demolished, the general death-rate 
fell from 45 to 15 per 1,000 of the population. The 
following table shows the weight and height of boys 
of 5, 9, and II years from homes of i 2, 3, and 4 or 
more rooms : — 


Number of 

Weight in rotnida. 

Meight in Indies 

Roofoi. 

1 5 Yeati. 

1 

9 Years. 

11 Years. 

9 Yejrs. 

9 Years. 

1! Years. 

1 


51*4 

60 ‘O 

39*0 

46- 5 

50 - 1 

2 


53-1 

62*2 

39*9 

47*6 

509 

3 


5 f 8 

64-5 

40*7 

48-2 

5**7 

4 

40- 1 

566 

60*2 

4**4 

489 

52-4 


The worse the housing conditions, the punier the 
children. 

22. 'When the law of gravitation is taken for granted, 
and applied to the actual conditions of our own planet, 
one of thg^^consequences to which it leads is, that the 
earth, instead of being an exact sphere, must be 
flattened in the direction of its polar diameter, the 
one diameter being about thirty miles shorter than the 
other. Investigation showed this conclusion to be true 
in fact. 

23. Dogs are liable to a fatal disease called rabies, 
which they transmit by their bite. When communi- 
cated to man this disease is known as hydrophobia. 
The specific Virus of the disease is found in the saliva 
and salivary glands of the infected animal (hence the 
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transmission by a bite), but also in the spinal cord of 
the infected animal. Pasterir showed that inoculations 
with an emulsion of such a spinal cord reproduced the 
disease in dogs and rabbits. He also discovered 
methods of preparing such emulsions of varying 
intensity and virulence. He inoculated some dogs 
with emulsions of increasing strength. The dogs 
treated in this way survived when affected by strong 
virus, which proved fatal in other dogs. 

24. In 1909 the Midland Agricultural and Dairy 
College tested the value of applying certain fertilizers 
to pasture land used for dairy cows. Two plots of 
pasture land, A and B, each four acres in area, were 
fenced off, and both plots w'ere dressed with 10 cwt. 
of ground lime per acre. Plot A icceived nothing else. 
Plot B received an additional dressing of 4 cwt. super- 
{^osphate and cwt. sulphate of potash per acre. 
Neither plot received any further dressing during 
1909 -1912. Two lots of cows were drafted on to the 
plots each year early in May, and were kept there 
continually as long as there was any grass, no other 
food being given. At the end of each fortnight the 
two lots were changed over, those on plot A going on 
to plot B, and vice versa. Tlie net increase of profit 
on milk for plot B was an average of over £30 per 
annum for 1909-1912. In 1913 the test was repeated, 
the treatment of the plots being reversed. And the 
result is now similarly favourable to plot A. 

25. H. and W. were studying the effect of nitrates on 
plant growth, and found that the amount of growth 
of cereals like barley and oats increased as the nitrate 
suppty increased, and was, in fact, directly propor* 
tional to the amount of nitrate. In the case of peas 
and allied plants, however, no sort of {nroportimuility 
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could be traced. The plants did sometimes as well 
(or better) without nitrate as with it, but sometimes 
failed altogether. Qiemical analysis showed that the 
quantity of nitrogen present in the cereal crops was 
just about the same as that applied to the soil, while 
the quantity present in those peas which made any 
growth was much greater. These peas must, therefore, 
have got some of their nitrogen from the air. But 
why had not all the peas done so? H. and W. sug- 
gested that bacteria might be the active agents here, 
as they knew that the nodules (the little swellings on 
the roots of the peas) contained bacteria, and also that 
some bacteria could take in gaseous nitrogen and use it. 
To test the matter, peas were sown in sterilized sand 
(i.e. sand baked so as to kill all living organisms it 
contained) holding mineral food, but no nitrogenous 
food. These made little growth and developed no 
nodules. Other peas were sown in similar sand, but 
with the addition of a water extract containing organic 
matter. These made excellent growth and had many 
nodules. But if the water extract was first boiled, it 
had no effect in increasing growth. This showed that 
peas can associate with certain bacteria as so to draw 
on the store^of nitrogen in the air. 

a6. In Davy’s experiments with the decomposition 
of water by galvanism it was found that, besides 
oxygen and hydrogen, an acid and an alkali were 
developed at the two opposite poles of the machine. 
Davy conjectured that the glass containing the water 
mif^t suffer partial decomposition, or some foreign 
matter might be npngled with the water, an(^ the acid 
and alkali be disengaged from it. He substituted gold 
vessels for glass; but it made no difference. Evidently 
the glass w^ not the cause. He next employed only 
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distilled water. There was a marked reduction in the 
quantity of acid and alkali evolved; but they were still 
there. He next suspected the perspiration from the 
hands touching the instruments, as it would contain 
common salt, which would decompose into an add 
and an alkali under the action of electricity. After 
carefully avoiding manual contact, only slight traces 
of acid and alkali appeared, such as might be traced 
to impurities from the atmosphere, decomposed by 
contact with the apparatus. He next put the machine 
tmder an exhausted receiver. It evolved no add or 
alkali. 

vj. It was well known that a falling body moves 
faster and faster as it travels through space. Galilei 
set himself to examine how this increase of velocity 
occurs. If he had worked by the Baconian method, 
he would have made endless experiments on falling 
bodies, till relations forced themselves on his notice. 
He did nothing of the kind. He thought over the 
facts, and made a guess at a possible law. He surmised 
that the speed of a falling body might be proportional 
to the distance fallen through. He reasoned out the 
consequences of this supposition, and found that they 
were self-contradictory. Accordingly, he tried a differ- 
ent supposition, namely, that the speed varied as the 
time of the fall. Here the consequences deduced were 
consistent; the suggestion was worth testing. Owing 
to the lack of suitable apparatus he could not put his 
suggestion to a direct test. He therefore took one of 
its consequences (which he had obtained by mathe- 
matical reasoning) — ^the consequence, namely, that the 
distance fallen should be proportional to the square 
of the time. He made a falling body run down an 
inclined plane, and measured (by means of a new kind 

EH* 
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of water-clock) the times taken to run over marked 
distances on the plane. Small divergences in individual 
cases appeared; but, on the average, his results showed 
that the distances traversed were proportional to the 
squares of the times of fall. No other supposition 
could account for these results. Galilei accordingly 
considered his second surmise to be accurate. 

28. Poulton and Sanders experimented with 600 
pupse of the tortoise-shell butterfly, in order to test 
the theory of protective coloration. The pupae were 
artiflrially attached to nettles, tree-trunks, fences, 
walls, and to the ground, some at Oxford, some at 
St. Helens in the Isle of Wight. In the course of a 
month 03 pcr c®rit. of the pupae at Oxford were killed, 
chiefly by small birds, while at St. Helens 68 per cent, 
perished. At Oxford only four pupae, fastened to 
nettles, emerged; all the rest perished. At St. Helens 
the eliminations were as follows: on fences, where the 
pupa: were conspicuous, ga per cent. ; on bark, 66 per 
cent.; on walls, 54 per cent.; and among nettles, 
57 per cent. The experiments showed very clearly 
that the colour and character of the surface on which 
the pupae rests — and thus its own con-spicuousness— 
are of the greatest importance. 

29. Natidhs did not originate by simple natural 
selection, ais wild varieties of animals no doubt ari.se 
in nature. You could not show that the natinnl 
obstacles oppo.sing human life much differed between 
Sparta and Athens or indeed between Rome and 
Athens; and yet Spaitans, Athenians, and Romans 
ililfer c.s$cntially. Old writers fancied that the direct 
effect of climate, and the sum total of physical con- 
ditions varied man from man, and changed race to 
race. Bqt ekpetrience refutes this. The English immi- 
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grant lives in the same climate as the Australian or 
Tasmanian, but he has not become like those races. 
The Papuan and the Malay live now, and have lived 
for ages, side by side in the same tropical regions, with 
every sort of diversity. Even in animals tte direct 
efficacy of physical conditions is overrated, Borneo 
and New Guinea, ?s alike physically as two distinct 
countries can be, are zoologically as wide as the poles 
asunder; while Australia, with its dry winds, its open 
plains, its stony deserts, and its temperate climate, yet 
produces birds and quadrupeds which are closely 
related to those inhabiting the hot, damp, luxuriant 
forests which everywhere clothe the plains and moun- 
tains of New Guinea. That is, we have like living 
things in the most dissimilar situations, and unlike 
living things in the most similar ones. Nor can we 
doubt that we find like men in contrasted places, and 
unlike men in resembling places Climate clearly is 
not the force which makes nations, for it does not 
always make them, and they are often made without it. 

30. The most surprising thing about the Mayas is 
that they developed their high civilization in what are 
now the hot, damp, malarial lowlands where agriculture 
is impossible. A hundred miles away far more favour- 
able conditions now prevail. In the past these more 
favourable localities were occupied by people closely 
akin to the Mayas, yet civilization there never lose to 
any great height. In explanation of these peculiar 
conditions three possibilities suggest themselves: (i) We 
may suppose that the Mayas were able to carry on 
agriculture under conditions with which no modern 
people can cope; that they chose the worst place eVen 
thou^ far better places lay close at hand and were 
occupied by allied peoples few in numbers and back- 
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in civilization; that for a thousand years t&ey 
able to preserve their energy under the most 
debilitating climatic conditions, immune to the many 
fevers which to-day weaken the dwellers there. (2) Ch 
we may suppose that in the time of the Mayas tropical 
diseases were less harmful than they are now. (3) Lastly, 
we may suppose that the climate has changed — ^the 
dry conditions which prevail a little farther north may 
have prevailed in the Maya region when the Mayas 
attained eminence. That climates do sometimes change 
is evidenced by conditions in Palestine. In Palestine 
the rainy zone once extended at least fifty miles south 
of its present limit, but the zone of cyclonic storms has 
at certain periods suffered a shift equatorward. Now 
if the Maya region has undergone a corresponding 
climatic change the explanation would be simple. A 
longer dry season would diminish the amount of vege- 
tation and cause scrub to take the place of dense forest. 
Agriculture would then be comparatively easy, and 
fevers would greatly diminish. 

Exercises on Chapter XXII 

a. What is meant by probability "i 

b. What m- usually meant when an event is described 

as probable} 

c. What is the difference between calculable and incal- 

culable probability} Give an example of each. 
i. Briefly explain, and illustrate, the relation between 
the deductive (or a priori) and the inductive (or 
a posteriori) calculation of probability. 
e. Enumerate and explain the conditions under which 
it is pqssible to calculate probabilities a priori, 
/. K.s]>lain the rdation between probability and odds. 
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and show how a knowledge of either enables one 
to calculate the other. 

g. Explain the way in which it is sometimes attempted 

to base induction by simple enumeration on the 
calculus of probability. 

h. Why is a theory usually less probable than any one 

of the laws which it systematizes? 

i. Why does an hjrpothesis become more and more 

improbable in proportion to the number of 
auxiliary hypotheses which it needs in order to 
account for all known relevant facts? 
y. It is said that the knowledge of the probability 
of an event gives no definite information about 
the next or any future occurrence of an event 
of that kind. Explain this view, and show the 
real nature and value of such knowledge. 

k. Explain (with special reference, say, to fire insur- 

ance) how calculations of probability may save 
us from some of the consequences of the irregu- 
larities of details by invol^g the regularity of 
the average of the class. 

l . Compare the way in which you would calculate 

the chances that a normal die when thrown will 
show a particular number, with the way m 
which you would calculate the chances in favour 
of a men's recovery from a certain illness. Is 
the underlying principle the same in the two 
cases? If not, explain the dilfirrnce. 

m. A party of twelve persons, including A and B, 

take their seats at random at a round table. 
What is the probability that A and B will sit 
next to each other? 

n. Out of a thousand children vdio are ten years old, 

seventy die before reaching the age of twenty- 
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five. Let A, B. and C stand for three diildren, 
each of them ten years old. Calculate the 
probability (i) that B will reach the age of 
twenty-five, (ii) that at least one of the three 
will live to the age of twenty-five, (iii) that both 
A and B will reach the age of twenty-five. 

0 . Four boats, P, Q, R, and S, ply regularly between 
two seaports, X and Y. Calculate the proba- 
bility that a passenger, who has gone from 
X to Y and back, made (i) his outward passage 
in either P or S, (ii) both passages in R, (iii) both 
passages in the same boat, (iv) at least one 
passage in Q. 

p. In my pocket I have two sovereigns, three single 

shillings, and six halfpennies, and I take out 
two of the coins at random. Calculate the 
chances that the two coins are (i) the two 
sovereigns, (ii) a shilling and a halfpenny. 

q. Five hens of the same strain (A, B, C, D, E) lay 

foiur eggs on a certain day. ^Iculate the chance 
(i) that A laid one of the eggs, (ii) that both 
B and C were among the layers, (iii) that a 
particular egg was laid by D. 

V. A and B arrange to meet at the entrance of an 
exliibttion which, without their knowing it, 
actually has four different entrances, \V, X, 
Y, Z. Calculate the probability (i) that A and B 
will meet at the same entrance; (ii) that they 
will meet at entrance Z; (iii) that A will arrive 
at entrance X and B at Y. 

s. X, Y, and Z arc known to have been in a train- 
wreck in which a third of the passengers were 
injured. Supposing that no other information 
is ava^Ue, cakukite the probability (i) that 
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X and Y, (u) that X and Y and Z, (iu) that X 
or Y, (iv) that X or Y or Z, have escaped injury. 

A, B, and C are respectively ten, twelve,' and 
fourteen years of age. Supposing that of 
children who are ten, twelve, and fourteen 
years old, 7, 6, and 5 per cent, respectively 
die before attaining the age of twenty-five, 
calculate the probabilities that (1) A and B, 
(ii) A or B, (iii) A or B or C will survive till the 
age of twenty-five. 

u. Unaware that his watch has stopped. Smith looks 
at it once in the course of twelve hours. 
Assuming that it takes him a whole minute to 
tell the time, calculate the probability that he 
will see the correct time. 

V. What is the probability that the first two persons 
you meet were bom on (i) the same day in the 
week, (ii) a Sunday? 

v>. Two children who can only count up to ten are 
asked to think of any number they like. What 
is the probability that they will both think of 
the same number? 

X. A, B, and C are known to have been respectively 
1st, and, and 3rd class passengers on a boat 
which was wrecked with a loss of 30 per cent, 
of the 1st class passengers, 50 per cent, of the 
and class passengers, and 70 per cent, of the 
3rd class passengers. Calculate the chances of 
the safety of (i) A and B, (ii) A or B, (iii) A or 
B or C. 

y. A, B, and C are known to have been passengim 
on a boat wliich was torpedoed with a loss of 
80 per cent, of the ist class passengers, 60 per 
cent, of tlie and class passengers, and 70 per 
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cent, of the 3rd class passengers. Supposing it 
be known that A travelled ist dass and B 
2nd class, and that no other information is 
available for the time being, calculate the 
probability that (i) A and B are saved, (ii) C is 
saved, (iii) A or B is saved, (iv) one of the three 
at least is saved. 

f. Why is it better to take the mean of a number of 
observations than to trust one observation, how- 
ever carefully made? 

Exercises on Chapter XXIII 

a. What is meant by order in nature} 

b. On what .grounds is it assumed that there is order 

in nature? 

c. How far is science, as such, committed to the 

assumption that there is order in nature? 

d. What significance is to be attached to the occur- 

rence of apparent deviations from uniformities 
among natural phenomena? 

e. What is meant by the uniformity of nature} 

f. What is a natural law! In what different wa3rs 

may natural laws be distinguished from each 
other? Give examples. 

g. Explain the terms cause and reason, and their 

relation to one another. 

h. Explain and illustrate the meaning of the terms 

condition, positive condition, and negative condi- 
tion. How are conditions related to causes} 

i. How is a caustU sequence related to other kinds of 

sequence? 

j. Discuss the tendency to replace the conception of 

castsdUty by that of law, or to maintain that 
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the business of science is to ascertain the pone^ 
lations of phenomena and not their causal 
connections. 

k. Give an account of the principle of fair samples 
and its place in the domain of science. 

Exercises on Chapter XXIV 

a. Consider the view that science is not concerned 

with explanation, but only with description. 

b. What do you understand by description, and how 

would you distinguish it from explanation? 
Give examples. 

c. How would you define the term fact, and how 

would you distinguish between a fact and its 
interpretation? Give examples. 

d. Enumerate the chief types of explanation, and give 

a brief account and an example of each of them. 

e. What is meant by an empirical law, and how is it 

distinguished from other natural laws? Give 
examples. 

/. In what way is the induction of theories different 
from the induction of natural laws, and how 
does this difference affect the comparative proba> 
bility of the two? 

g. What do you consider to be the logical justification 

of induction? 

h. On what grounds has the validity of science 

been challenged, and in what way would you 
defend it ? 

Exercises on Chapter XXV 

a. In what way is logical reasoning different from the 
mere play of fancy? 
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b. Compare the materialistic with the idealistic accounts 

of reasoning, and state the view which seems to 
you the least unsatisfactory. 

c. Erqrlain the meaning of the term particular, and 

consider the place of the particular in reasoning. 

d. Examine the view that inference is always frmn 

particular cases to particular cases. 

e. Examine the view that mference always involves 

a universal. 

/. Formulate the principle of uniformity of reasons, 
and explain in what way it may be regarded as 
the ultimate assumption of aU inference. 

g. Is it permissible to describe all inductive inference 

as essentially deductive reasoning having the 
principle of uniformity of reasons (or some other 
principle) for major premise ? Give your reasons. 

h. In what way may the cultivation of reason be 

regarded as a potent aid to human harmony? 



SELECT LIST OF BOOKS 


I. General Treatises— 

B. Bosanqubt: Logic (2 vols., 2nd ed.). 

W. E. Johnson; Logic (3 vols., 4th in preparation). 

J. S. Mill: System of Logic, 

C. Sigwart: Logic (2 vols.). 

A. Wolf: Exercises in Logic and Key to Exercises in 
Logic (Allen St Unwin). 

II. Formal Logic — 

J. N. Keynes: Formal Logic (4th or later edition). 

A. T. Shearman: The Scope of Formal Logic and The 
Development of Symbolic Logtc, 

A. Wolf: Studies in Logic (Camb. Univ. Press). 

L. Couturat: The Algebra of Logtc, 

B. Russell: Introduction to Mathematical Philosophy 

(Allen St Unwin). 

III. Inductive Logic — 

W. S. Jevons: Principles of Science^ 

J. A, Venn: Empirical Logic, 

A, D. Ritchie: Scientific Method, 

F, W. West away: Scientific Method, 

A. Wolf: Principles of Science (in preparation). 

[V Special Topics— 

J. M. Keynes: A Treatise on Probability, 

A. L. Bowley: Elements of Statistics, 

D. C. Jones: A First Course in StatisticSf Part I. 

G. U. Yule: An Introduction to the Theory of Statistscs, 
J. N. Keynes: The Scope and Method of Political 

Economy,^ 








INDEX 


Abridged ijUbguoit, 108 ff., 129. 

144 

Abstract. 118 ff. 

Accent. 360 

AcHdens, 185. 342 ff.. 361 
Added determinants. 78 f.. 353 
A dMo 9$cundum quid, 361 
A didotimplicUw, 361 
Affirmation and negation. 46 f . 
61 

Agassiz. 384 

Algebra of Logic. 347 ff. • 
Alternative proposition. 130 ff 
Amphiboly. 360 
Analogy. 19. 157 ff. 

Analysis. 132 f. 

A prion and a postmori, 252 
Afgummium ad baculum, popu- 
ium, ate,, 384 

Aristotle. 29. 238 ff.. 342 f 

Association of attribnta. 229 ff 
Astronomy. 29. 230 
Attribute. 226 
Avebury. Lord, 220 
Averages, 179 ff. 

Avogadro's law. 242. 301 


Bacon. F., 28 f.. 293 

Bacon. R.. 294 

Barren hypothesis, 136 

Begging the question. 362 

Belief. 17. 47 

Bekm. 197 

Bentham. 232 

Blood circulation. 188 ff. 

Boole. 330 

Booth. C.. 243 

Boyle’s law. 106, 242. 300 i 

Brahe. Tycho. 241 

Brewster. 217 

Bndde. 233 

Bnfler. Biriiop. 251 


Canons of induction, 204 ff. 
Categorical proposition. 45 ff.. 
120, 125 

Categorical syllogisms. 80 ff . 
Categories. 343 ff. 

Cause, 284 ff 

Chains of syllogisms. T13 ff , 129, 
M4 

Charles* law. 242 
Circular argument, 362 f. 
Circulation of the blood. 166 ff. 
Circumstantial evidence. 161 ff. 
Class. 48 f. 

Classification. 170 ff.. 187 f.. 202. 
228 

Classification, artificial. 175 f. 
Classification, natural, 170 ff. 
Classificatory sciences. 172 
Coefficient of association and 
correlation. 234 
Comparative method. 194 ff. 
Comparative sciences. 189 ff.. 

194 ff. 

Comparison. 152 f., 157 ff , 19.S 
Complex conception. 78 f. 
Complication of terms, 78 f . 
ComposiUon, 360 
Concatenated syllogisms, 113 ff., 
129. M4 

Concrete and abstraict. 118 f 
Condition. 203. 28a ff. 

Condition, negative, 283 f. 
Consaquans, 122 

Constructive syllogisms. 127 ff., 

138 

Contingency table, 228 
Contradictory propositions, 59,75 
Contradictory terms, 60 ff. 
Contrapositive. 70 ff . 

Contrary propos^ons, 39, 74 1 
Contrary terms, 73 
Converse, 60, 63 ff . 

Converse relation, 76 1 



TEXTBOOK OF LOGIC 


452 

Correlation. 74. 77. 228 ff. 
Correlative propositions. 77 
Correlative terms. 77 
Cum hoc, 210 
Cuvier. 202 

Dart, Prof., 207 
Darwin. 189 1. 221 
Deduction. 96 ff.. 149. 242. 246 
Deductive - Inductive method. 
237 ff. 

** De<luctive mcth^n 237 
Definition. 177 f 
De Morgan. 348 
Desc: rtcs, 158 
Desciiption. 170 , 291 fi. 

Descnption and statistics, 178 ff., 
234 ff. 

Destructive syUogisma. 127 ff., 
I3« 1 

Determinant. 78 
Deviations, 180 1. 

De Vries, 180. 361 
Differentia, 184, 

Dilemma. 138 

Disjunctive { < t >ns, 130 ff 
Disjunctive syllogisms, 135 ff.^ 
Distnbution of terms, 52 1. 
Division, 185 f., ^60 
Dovetail relation 

Eductions, 

Empirical Is^, . 

Enthymeme, no 
Epicheirema. 115 
Episyllogism, 114!. 

Equality. 83 
Equivocation. 359 
Errors.** 181, 276 
Evolutionary method. 182, 187 f. 
Existential import, 336 ff . 
Experiment. 150 1. 

Explanation. 291 ff. 

Extension and ' i n t e nsio n. 52. 

3*3 1- 


Fdir sample. 289 
Fallacies, 36, 122 ^ i >8 

359 ff. 

Fair, Dr., 21G 
Figure of speech ^ 

Figure of syllogi^ - . 

Final causes, 292 
Formalism of logic, 2Z f 
Frequency, 263 ff., 26-'^ If 
Function of logic, 34 i , 3 . 

Galilei, 238 1. 30. 

Galton, 227 
Gambling, 269 ff 
Gay-Lusac*8 law, , . 

General propositions, 48, i r >, 

*47 1. 

Genetic definition, 183 
Genetic method, 187 fi. 

Genus. 76. 131, 184 f., 342 
Geology. 29 
Guericke. 156 

Harvey, 166 

** Historical method,*' i jy 237 
History and science, 29, 161 ff , 

195 

History of science. 39 
Huxley, 26 

Hypotheses. 30, 153 ff., 158 ff , 
198 ff., 238 ff., 259 
Hypothetical propositions, 1 1 8 ff . 
Hypothetical syllogisms, 125 ff. 

Idealists. 314 
Idealization, 155 ff. 

Identity, 83 ff. 

** If *• and ** when,” 125 
Ignoraiio elencht, 364 
Immediate inference. 34 ff. 
Impersonal judgments, 18. 43 
Implication. 40 f.. 354 ff. 

Improbable.** 266 
Induction. 31 ff.. 147 ff. 



INDLX 


453 


n, cations of, 204 f( 

' inference. 31 ff , 1 47 
r 313 ff. 

} f 

ision, 52, 323! 
uitive judgments, 18 
n " 70 ff 

r ^ ^ Ncrse protesb, 149, 


j i 

. */. 

. 320. 

V,, « s Lavs. 241. 280 f , 29^^ 

, t!4 theory. 242, 301 

4, ^‘Jge and belief, 17. 309 
u 3 ge and life, 23 ff., 41 


jolr idKlion, 54 f , 63 f 

excluded middle, 54 f 

formal inference, 53 
of nature, 202 ff., 240 ff 
j ff , 277 ff , 299 

( of statistical legulanty, 290 
.. I of sut* esbion, 2O7 ff 
1 1 e aj a .‘'lence, 23 ff , 41, I 54 
leai luierence, iiCf . 1O8 

l^ke, 35 

logical basis of induction, 3 ^M ' 
Logical and technical methods 

33 ff- 

Logistic, 347 ff 
Lowie, Dr , 196 

Major premise, 90 ff . 9 ® 

Major term. 90 ff 
Mai observation. 360 
Malthosians, 245 * 

Many questions, 363 
Materialisto, 3 M 


Mateiial opposition, 74 ff 
Mediate inference, 80 ff 
Method. 198 ff 

Method of agri 0 icnt, 200, 2 1 7 f 
Method of ccncomitant \aru 
tions, *05 f , 211 ff 
Method of difference, 205 ff 
Method of exact enumeration, 

2‘ tf 

Met! od of re SI lacs, 219 f 
Mr*’ ' (' '.iutde enunieiaium, 

I 07 1 

;,l trial and trror, 153 
idlct m, 80 f. 88 ft 
\i lb;. 222, * 4/, ii6 
Minor premise. 90 ff 
Minor term, 90 ff , 91^ 

Mixed disjunctive syllogism. 

136 f 

Mcced h>puthctical syllogisms, 
127 ff 

Modal propositions. 124, 340 f. 
Moods of syllogisms, 90 ff 

Natural law. 102 ff., 240 ff., 
27311 , 277 ff , 299 tf. 

Negation, 46 f , 6i 
Negative condition, 283 f. 
Negative instance, 207 
Negative propositions, 46 f 
Negative result, 239 
Negative symbols, 02 f , 123 f. 
Negative teinis, 61 ft. 

Newton, 2|0 f , 301 
Nomenclature, 177 
Non I ansa pro causa, 363 
Non cell ^ paribus, no 

NuIIlKi ’ " 

Objects I. inference, 

313 ff 

Observation and experiment, 

150 1 

Observation and inference, 150 f., 
294 f., 307 



TEXTBOOK OF LOGIC 


454 

Obverse, 6o, 64 f . 

Odds, 265 ff. 

Opposition. 57 fl., 74 ff. 

Order in nature, 153 ff» 205, 
273 ff. 

Puradoxes of implication, 336 dy 
Psiticttlar, 315 ff. 

Particular premises. 93 f. 
Particular propositions, 48. 147 f. 
PUHteur. 209 f., 374, 381, 387 
Pearson, K., 227, 231 
Peirce. 351 

Perceptual judgments. 18 
Perfect induction. 300 
PeHtio pHncipii, 362 
Philosophy and science. 25 f., 30 
** Phyai^ method." 237 
Plato. 134 
Pliny, 379 
Poincaie, 260 
Polysyllogism. 113!. 

Pwphyiy. 34a 

Positive terms. 61 ff. 

Ppeitivism. 294 
^Off hoc, 210 
Postulate, 201. 319 
l^iedicables. 342 f. 

Predicament, 343 f. 

Predicate, 42 f.. 323 f. 

Principle, 201. 319 
Principle of fair samples, 287 11 . 
lYinciple of tfuiniformity oJ 
reasons. 304 f.. 317 ff. 
Probability, 248 if. 
Probability-Thermometer, 232 
Proof, 19 ff. 

Froposftion, 39 ff. 

Prelum, 183, 343 
Prosyllogism, 114 f. 

VvM tyUogisms, 101 if.. 123 f.. 
IJ3I. 

Quality of propositions, 46, 

wff. 


Quantitatrire deduction, 103 ff . 
Quantitative induction, 213 ff. 
Quantity of propositionB, 47 ff., 
327 ff. 

Rdhsoning, 18 ff., 30 fl. 
Rebutting dilemmas, 143 f. 
PedHciio ad ahiurdum, 20 
Relations between subjects and 
predicates, 31 f., 349 
Relative terms, 77, 79 
Relevance, 221 f. 

Reverse process, 149, 161, 30^ 

^ ^Ricardo, 243 

Rule of formal inference, 53. 72 
Rules of mediate inference or 
syllogism, 87, 91 ff. 

Samples, 287 ff. 

Schfoeder, 331 

Science, 23 ff.. 130. 134. 176, 
178, 182. 273 ff.. 291 ff., 296 f., 
3051, 

Scientific attitude, 27 f. 

Scientific methods, 33 ff.. 148 ff. 
Simple • enumeration. 224 f.. 
267 f. 

Singer. Dr. C.. 168 
Singular propositions, 48 f.. 119, 
147 f. 

Snell's law. 242, 29fi* 301 
Sociology, 29. 193 
Sorites, 1 13 

Special rules of syllogistic 
figures, 102 ff. 

Sp0ci0t, 76, 131, 184 f., 342 
Spencer, 243 
Spinota, 61, 313, 320 
Square of Oppotition, 39 
Statistical method, 177 ff., 
224 ff. 

Subaltemation, 39, 76, 97 
Sub-contraries, 59, 73 1 
Subject, 42 1 .. 323 f. 

Sudsiamc0, 3x3 



INDEX 


455 


SubsUatial definHton, 183 
Su^poMo, 110 
Sy 11 ogltm, 92 . 96 ff.. 38a 
Symbolic logic, 347 f. 

Symboli, 62 350 if. 

Synthesii. 152 f. 

System. 188. 240. 247, 285, 303. 

3*0. 317 

Systematic inference, 1 16 1 , 168. 
« 47 . 317 

Table of eductions, 72 
Table of oppositions. 58 
Technical methods, 33 ff., 208 
Teleological explanation. 292 I.. 
*99 

Terminology, 177 
Terms, 42 f., 51 1 , 3*3 
Thales. 246 

Theory and fact, 246, 295 f., 307 
Theory and law, 198 ff 299 f., 
302! 

Transitive relations, 83, 349 


** True canss/* 377 f. 

Tme propositkmB, 20 i 

Uniformity of nature, 276!.. 
*89. 3^4. 3»8 

Unifonnity of reasons, 304!. 
3*7 

Universal propositions, 49 
Universe of discourse, 61, 75, 
109 i!.. 333 

Validity. 20 

Validity of science, 305 d. 

Valid moods, 99 fi- 
“ Variable." 226 
** Variations," 178 ff. 

Venn, 351 ff. 

Vera causa, 377 f. 

Verification, 30. 238 fi. 

Westermarck, 196 
Working idea, 198 fi. 







